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ABSTRACT 

The applicability of fluoride-volatility methods to the 
reprocess ing of l ight -water - reactor fuels was demonstrated 
in a program of fluid-bed fluorination studies and fluid-bed 
thermal-decomposit ion studies conducted in an engineer ing-
scale alpha facility. Studies were conducted on nonirradiated 
UOj-PuOi-F.P. pellet mater ia ls and P u F , powder charges . 
Key features of this workwere the production and t ransport 
of PuF(,, and the demonstration of good plutonium mater ial 
balances. The resul ts of t h e * studies are considered 
applicable to processes for high-plutonium mater ia l s , such 
as f a s t -b reeder - reac to r fuels and plutonium scrap mater ia ls . 

I. SUMMARY 

Fluid-bed fluoride-volatility processes based on the conversion of 
uranium and plutonium to volatile hexafluorides show considerable potential 
for reprocessing spent l ight -water - reactor oxide fuels. Both all-fluorine 
and interhalogen-fluorine flowsheets have been proposed. Development 
studies on the main fluorination recovery step and on fluid-bed thermal 
decomposition as a means of separating and partially purifying the plutoni­
um fraction were conducted on simulated, nonirradiated fuel nnaterials. 
The p r imary purpose of this program (which was achieved) was to demon­
st ra te that the production and manipulation (transfer and recovery) of PuF(, 
was feasible. Of a total of 635 g of PuF(, handled in these exper iments , over 
90% was produced directly in fluorination exper iments . Material balances 
were satisfactory, accounting for about 98% of the plutonium. 
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Experimentation was carried out m two pilot-plant systems ^'^^ 
in an engineering-scale alpha facility. The fluorination process equipm 
essentially all of nickel, included a 3-in.-dia fluid-bed reactor , large c" 
traps for collecting the UF, and PuF„ a diaphragm gas compressor for 
circulating unused fluorine, sintered-metal filters, and sorption t raps to 
trapping residual quantities of hexafluorides and fluorine ''°"'^^^°'J;^^ll^_ 
Thermal-decomposition studies were conducted m a 2-in.- la 
bed reactor system. 

Fluorination studies were conducted on three types of ma te r i a l s : 
(1) pellets containing UO,-0.5 wt % PuO,-simulated fission products , 
(2) powdered PuF^, and (3) PuF , remaining after the uranium m oxidized 
pellets was fluorinated by BrF5. The fluid bed comprises a charge of 
inert, high-fired alumina (which serves as a heat- t ransfer medium) and 
the fuel material . 

The UOj-O.S wt % PuO^-simulated fission-product (F.P.) pellets 
(8.8 kg per charge) were processed by a two-zone reaction scheme in 
which the fuel was pulverized by reaction with oxygen in the lower portion 
(a fluidized-packed bed) of the reactor; the resulting fine UjOg-PuO^ ma te ­
rial was elutriated by the fluidizing gas to the fluidized-bed region, which 
was above and contiguous with the pellet region where reaction with fluorine 
converted the oxides to the volatile hexafluorides. Oxidation was ca r r i ed 
out at about 400-450''C, and fluorination at 450-550°C. Average UFj produc­
tion rates ranged from 24 to 51 lb/(hr)(sq ft). Rates as high as 100 l b / 
(hr)(sq ft) were achieved for short per iods . With bed reuse for the three 
experiments, overall plutonium and uranium removals of 98 7 and 99.9% 
were achieved. 

The data show that preferential fluorination of uranium was achieved 
in the initial fluorination period, suggesting a means of achieving at least a 
partial separation of uranium from plutonium, if this separation is des i r ­
able. The use of BrFs as a selective fluorinating agent for the uranium, 
followed by the use of fluorine to recover the plutonium, represen t s an 
alternative approach. 

Fission product behavior during fluorination was as expected, e le­
ments such as molybdenum and ruthenium forming volatile fluorides, while 
the bulk of the fission products were converted to nonvolatile fluorides, 
which remained in the fluorinator bed It is not clear that a single volatile 
species formed, since about 30 and 15% of the molybdenum and ruthenium, 
respectively, were recovered by fluorinating the cold t raps and hexafluoride 
storage cylinders at 300°C after the contents (mainly UF(, and PuF,,) were 
vapor t ransferred to other vessels at 80°C. No significant changes in the 
par t ic le-s ize distribution of the alumina bed in the fluorinator were noted 
during a run. 



Fluorination experiments with 135-g batches of P u F , demonstrated 
that (I) plutonium could be volatilized quantitatively from a fluid bed of 
alumina, (2) satisfactory mater ia l balances were obtained, and (3) prac­
tical fluorination rates and fluorine utilization were realized. Fluorination 
was started at 200 and 300°C and was completed at 550°C. 

Two experiments involving bed reuse and simulating the plutonium 
recovery step of the interhalogen flowsheet gave residual plutonium and 
uranium values in alumina of 0.0 1 5 and 0.002 wt%. These values represent 
98.7 and 99.97o removal of plutonium and uranium from alumina. The beds 
were prepared in a separate facility by oxidation and a B r F ; t reatment of 
UO2-O.5 wt % PuOj-F .P . pellets to remove the uranium. Fluorination with 
fluorine was started at 300°C and was completed at 550°C. Fluorine effi­
ciencies greater than 507o were measured at the s tar t of the run. Efficiency 
diminished as the plutonium level in the bed decreased. The cold t raps , 
operating at about -60''C, collected the relatively small quantities of PuFj, 
efficiently from the recycled gas s t r eam. 

The fluid bed was readily sampled during the experiments, but re ­
sults indicated that the samples were often not representative of the col­
umn inventory. Elutriation of fines and holdup of this mater ia l above the 
bed region in the upper parts of the column must be considered in devel­
oping reliable sampling procedures . The system can apparently be opti­
mized from the alumina par t ic le-s ize-dis t r ibut ion standpoint. 

On the basis of the present work, separation of plutonium as P u F , 
from UF(,-PuF(,-F.P. mixtures by thermal decomposition in a fluid-bed 
system appears feasible. Separations of pver 99% were achieved at 300''C 
in the single fluid-bed stage using the 10-kg batches of UF(,-PuF(, mixture 
provided by the companion fluorination experiments . Calculated gas-
residence t imes in the decomposer were less than 10 sec. Decontamination 
factors of >10^ and >10^, respectively, were obtained for ruthenium and 
molybdenum, which were in the UFf,-PuFf, feed as volatile fluoride species. 

Plutonium deposited in lines and equipment by alpha- or thermal-
decomposition mechanisms or because of interaction with the system was 
shown to be recoverable by a simple fluorination treatment at 300°C using 
high (^90%)-concentration fluorine on a recycle bas i s . 

The value of neutron survey meters as semiquantitative plutonium 
monitors was clearly demonstrated in this p rogram. Their further use as 
a quantitative instrument should be exploited. 

Although this program was directed at the reprocessing of light-
wate r - reac tor fuels, much of the resul ts and information derived from it 
should be applicable to the processing of high-plutonium mater ia l s such as 
f a s t -b reeder - reac to r fuels and scrap ma te r i a l s . 
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2. INTRODUCTION 

Since n u c l e a r - r e a c t o r fuels suffer phys i ca l d a m a g e and ^"^^J^^ ^^ 
r e a c t i v i t y dur ing i r r a d i a t i o n , the fuel e l e m e n t s a r e p e r i o d i c a l l y i sc ^ ^ ^ ^ 
f rom the r e a c t o r in a p a r t i a l l y spent condi t ion . T h e s e fuel e e ^ ^ 
be p r o c e s s e d to s e p a r a t e the va luab le f i s s ionab le and f e r t i l e m a e r i a 
to r e c o n s t i t u t e the fuel into new fuel e l e m e n t s for r e t u r n to the '" '^^ '^^°^^ 
An ex tens ive p r o g r a m has been c a r r i e d out at U.S. na t iona l a 
and fo re ign r e s e a r c h c e n t e r s to develop new p r o c e s s i n g m e t o 
f l uo r ide -vo l a t i l i t y t echn iques for the r e c o v e r y of u r a n i u m and p l u t o n i u m 
f rom spent r e a c t o r fuel m a t e r i a l s . T h e s e p r o c e s s e s a r e b a s e d on the 
abi l i ty to conve r t the u r a n i u m and p lu tonium to vola t i le h e x a f l u o r i d e s , w h i c h 
can be r ead i ly s e p a r a t e d f rom a s s o c i a t e d fuel m a t e r i a l s (c ladding , f i s s i o n 
p roduc t s ) and pur i f ied by e s t a b l i s h e d t e c h n i q u e s . A s ign i f ican t f e a t u r e of 
f l uo r ide -vo l a t i l i t y p r o c e s s e s is the appl ica t ion of g a s - s o l i d s f l u i d i z a t i o n . 

The ma jo r ob jec t ives of the f l uo r ide -vo la t i l i t y p r o g r a m w e r e to 
e s t a b l i s h p r o c e s s feas ib i l i ty and to develop the t echn ica l da ta r e q u i r e d for 
the des ign of a c o m m e r c i a l f l uo r ide -vo la t i l i t y r e p r o c e s s i n g p l an t for b o t h 
low- and h i g h - e n r i c h m e n t p o w e r - r e a c t o r fue ls . The p r e s e n t r e p o r t d i s ­
c u s s e s p r o c e s s s tud ies d i r e c t e d toward the p r o c e s s i n g of l o w - e n r i c h m e n t 
UO^-PuO^ fuels c lad in Z i r c a l o y o r s t a i n l e s s s t ee l of the type u s e d in 
w a t e r - c o o l e d power r e a c t o r s . The r e s u l t s of th is work a r e c o n s i d e r e d 
pe r t i nen t to p r o c e s s e s for f a s t - b r e e d e r h igh-p lu ton ium fue l s , a s w e l l . 

Two p r o c e s s f lowshee ts have been under s tudy (see Sec t i o n 3). One 
is r e f e r r e d to as the two-zone p r o c e s s , the o the r the i n t e r h a l o g e n p r o c e s s . 
Both p r o c e s s e s have the s a m e b a s i c s t e p s : 

a. Decladding . 

b . T r a n s f o r m a t i o n of the u r a n i u m - p l u t o n i u m o x i d e s to h e x a f l u o r i d e s 
by an ox ida t ion- f luor ina t ion r e a c t i o n s e q u e n c e . 

c. Pu r i f i c a t i on of the h e x a f l u o r i d e s . 

d. R e c o n v e r s i o n of the h e x a f l u o r i d e s to o x i d e s . 

Conceptua l ly , the fuel e l e m e n t s a r e c h a r g e d to a f l u id -bed r e a c t o r . 
I ne r t , h igh- f i r ed a lu in ina c o m p r i s e s the bed , wh ich s e r v e s p r i m a r i l y a s a 
h e a t - t r a n s f e r m e d i u m . The dec ladd ing and f l u o r i n a t i o n s t e p s (a and b) a r e 
c a r r i e d out s u c c e s s i v e l y in b a t c h o p e r a t i o n s in th i s r e a c t o r . Steps c and d 
a r e c a r r i e d out in o t h e r e q u i p m e n t . 

A m a j o r d i f fe rence be tween the two f l owshee t s is the u s e of B r F ^ in 
the i n t e rha logen f lowshee t a s a s e l e c t i v e f luo r ina t ing agent for the u r a n i u m , 
followed by f luor ine to r e c o v e r the p lu ton ium, a s opposed to f l uo r ine a lone 



being used in the two-zone process to recover both the uranium and plutoni­
um. Alternatively, plutonium can be separated from UF^-PuFf, mixtures by 
thermal decomposition as described in Section 8. 

Two types of studies were undertaken in an engineering-scale alpha 
facility directed toward the development of these flowsheets--fluorination 
studies on simulated fuel mate r ia l s , and a study on thermal decomposition 
as a means of separating plutonium as P u F , from UF(,-PuF(,-F.P. mixtures . 
Fluorination studies were conducted on three types of mater ia l , all non­
irradiated: 

1. UO2-O.5 wt % PuOj pellets containing simulated F .P . oxides. 

2. P u F , powder. 

3. Plutonium-bearing residues from treatment of UO^-O.S wt % 
PuOj-F .P . pellets with B r F j . 

The UF(,-PuF(,-F P . mixtures produced in the fluorination of the oxide 
pellets (1 above) served as feed for the thermal-decomposit ion experiments . 

Among the objectives of these studies were to (I) demonstrate the 
ability to produce and t ransport practical quantities of plutonium as PuF^, 
(2) account for all of the mater ia l s processed (show good material bal­
ances), (3) show that uranium and plutonium recovery from the alumina bed 
material was adequate (the goal was 99% removal), and (4) explore the 
behavior of molybdenum and ruthenium (key fission products in the fluorina­
tion and thermal-decomposit ion steps) Neutron activity from the (or.n) r e ­
action of fluorine with plutonium permitted the extensive use of neutron 
survey mete r s as plutonium monitors . 

Section 4 presents sources of information on pr ior work. The r e ­
mainder of the report descr ibes the present work. A considerable amount 
of procedural information is presented in the appendixes. 

3. VOLATILITY PROCESS DESCRIPTION 

3.1 Two-zone Flowsheet 

In the application of the two-zone flowsheet (shown in Fig. 1) to 
Zircaloy-clad UOj-PuOj fuel, the fuel assemblies are charged to a fluid-
bed reactor (primary reactor) , where they are immersed in a bed of high-
fired alumina. The Zircaloy cladding is removed by reaction with HCI gas 
at a tempera ture above the sublimation point of ZrCl , (331''C) The ZrCl , 
gas is pyrohydrolyzed to a solid oxide waste by reaction with steam in a 
second fluid-bed reactor (pyrohydrolyzer). 
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Fig. 1. Reference Flowsheet (Jan. 1, 1965) for Fluid-bed Fluonde-volaulity Process. ANL Neg. No. 108-8171. 



The uranium dioxide and plutonium dioxide are unattacked during 
decladding and accumulate in the lower zone of the pr imary reactor . The 
fuel is in the form of pellets or pellet fragments The charac ter is t ics of 
this fluidized-packed-bed system (fluidized alumina grain in the free space 
of the pellet bed) were studied by Gabor and Mecham.' The fuel is next r e ­
acted with diluted oxygen, which oxidizes the UOj and thereby converts the 
fuel pieces to a finely powdered mixture of U30g and PuOj. The mixing 
action of the fluid bed t ranspor ts the powdered fuel to the upper (unhindered 
fluid bed) zone of the bed. where fluorine is continuously injected. Fluori­
nation reactions in the upper zone result in the formation of UF(, and PuF(,, 
which are volatilized from the reactor and collected in refrigerated t raps . 
Some control over relative fluorination rates of uranium and plutonium can 
be exercised by control of fluorine concentration to effect a part ial initial 
separation of uranium. Excess fluorine gas is recycled during the later 
stages of fluorination in order to conserve fluorine 

The mixture of hexafluorides, together with the fission products 
whose fluorides are volatile, is next revaporized and fed continuously from 
the cold t raps to a second reactor , the thermal decomposer, in which the 
less stable PuF^ is therinally decomposed to nonvolatile P u F , The ulti­
mate use of the plutonium is not specified. 

The UFj and the remaining volatile fluorides pass into cold t raps, 
where they are again condensed, and are later fed to fractional-distillation 
columns for separation of the F .P . fluorides from the UF(,. The UFj after 
reenrichment, may be reconverted to the oxide by a fluid-bed process 
developed by Knudsen^'^ and co-workers at Argonne National Laboratory. 

The impurit ies, NpF^ and TeF^, which may not be separated by dis­
tillation, are removed from the UF^ gas s t ream by sorption on granular 
MgFj. 

The bulk of the fission products are removed as solid waste with the 
alumina bed from the p r imary reactor Other lower-level radioactive 
waste s t reams are removed from various process vesse l s . 

3.2 Interhalogen Flowsheet 

The interhalogen flowsheet is shown in Fig. 2. In this case., uranium 
and plutonium are separated in the p r imary reactor by selective fluorina­
tion. After decladding, the uranium in the fuel is oxidized to U30g and is 
fluorinated with B r F ; gas to UF(, (Fluorination I), which is volatilized from 
the vessel and collected m a condenser, together with the excess BrF^ and 
the reaction product, bromine. In this step, plutonium reacts to form non­
volatile PuF, , which remains in the pr imary reac tor . The UF(, and the in-
terhalogens, together with those F . P . fluorides that are volatile, are 
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separated by fractional distillation, resulting in a completely decon a 
nated uranium hexafluoride product. The Brz is refluorinated to 
which IS recycled. 

FLUORINATION 

OECLUDDING MCI — ^ ^ 

DISTILLATION 
SVSTEM \ 

LOW BOILING 
FISSION PRODUCTS, 
BrFs 

, . Naf TRAP 
SYSTEM 

: • UFe RECYCLE 

S.U'B - B f F j RECYCLE 

Mflf; TRAP 

-fl . "Fc PRODUCT 

— WASTE MgFj 
! , , BfF, RECYCLE 

Fig. 2 

Reference Flowsheet 
(Feb. 1, 1965) for In­
terhalogen Fluid-bed 
Fluoride-volatility 
Process. ANL Neg. No. 
108-8381 Rev. 6. 

In the second f luor ina t ion s t ep ( F l u o r i n a t i o n II), the p l u t o n i u m , a s 
P u F , , is f luor ina ted with f luor ine gas to PuFf,, wh ich is v o l a t i l i z e d f r o m 
the v e s s e l and co l lec ted in s e p a r a t e cold t r a p s . After c o l l e c t i o n , the P u F ^ 
is r e v a p o r i z e d and p a s s e d into a hea t ed v e s s e l , w h e r e it i s t h e r m a l l y d e ­
composed to nonvolat i le P u F , p r o d u c t . 

The subsequen t t r e a t m e n t of the p lu ton ium and u r a n i u m would 
depend on t he i r end u s e . 

4. SOURCES O F INFORMATION ON VOLATILITY P R O C E S S 

Jonke ' ' has r e v i e w e d the r e c o v e r y of u r a n i u m and p l u t o n i u m f r o m 
spent n u c l e a r - r e a c t o r fuel e l e m e n t s u s i n g p r o c e s s e s b a s e d on v o l a t i l i z a ­
tion, f r ac t iona l d i s t i l l a t ion , and s e l e c t i v e a d s o r p t i o n . His a r t i c l e p r e s e n t s 
a h i s t o r y of v o l a t i l i t y - p r o c e s s i n g m e t h o d s and d e s c r i b e s the s t e p s in 
p r o c e s s i n g both low- and h i g h - e n r i c h m e n t fuels by the f u s e d - s a l t p r o c e s s , 
the f lu id-bed f l u o r i d e - v o l a t i l i t y p r o c e s s , and the n i t r o f l u o r p r o c e s s ; the 
s t e p s in s e p a r a t i n g the F . P . e l e m e n t s f r o m u r a n i u m and p l u t o n i u m p r o d ­
u c t s ; the m e t h o d of conve r t i ng U F j to UO^; da ta on c o r r o s i o n ; and the 
s t a t u s (in 1964) of the f lu id -bed f l u o r i d e - v o l a t i l i t y p r o c e s s . 

E x p e r i m e n t a l r e s u l t s on vo la t i l i t y p r o c e s s s t u d i e s ob t a ined by bo th 
A m e r i c a n and fo re ign i n v e s t i g a t o r s a"re r e p o r t e d in the q u a r t e r l y i s s u e s of 
R e a c t o r and F u e l - P r o c e s s i n g Techno logy ( e a r l i e r t i t l e s ; R e a c t o r F u e l 
P r o c e s s i n g ; P o w e r R e a c t o r Techno logy and R e a c t o r Fue l P r o c e s s i n g ) . 
T h e s e a r e pub l i shed by the T e c h n i c a l I n f o r m a t i o n Div i s ion , Uni ted S t a t e s 
A tomic E n e r g y C o m m i s s i o n . 



At ANL, laboratory-scale investigations are reported with the 
general title, Laboratory Investigations in Support of Fluid-bed Fluoride 
Volatility P r o c e s s e s . Reports on engineering-scale investigations are 
issued with the general t i t le. Engineering Development of Fluid-bed Fluo­
ride Volatility P r o c e s s e s . This report is Pa r t 14 of the latter s e r i e s . 
Other reports in this ser ies are listed at the front of this report . 

5. ENGINEERING FACILITY AND EQUIPMENT 

Because the engineering alpha facility and pilot-plant equipment 
have been described in detail in a previous report , only the more impor­
tant details are repeated here . The automatic data-logging system, used 
fully only in the later runs, has not been discussed in previous repor t s . 

5.1 The Alpha Facility 

Figure 3 shows the location of the alpha boxes and the panelboard 
in the Alpha Facili ty. Plutonium processing equipment is housed inside the 

large alpha box, which is inside a concrete 
cell in the room. Auxiliary equipment that 
might become plutonium-contaminated is 
housed in a smaller alpha box in the room. 
Fluorine cylinders are stored in a venti­
lated enclosure in the room. The room is 
serviced by an overhead crane having a 
rail elevation of 25 ft. 

The panelboard, containing the r e ­
mote process control and recording in­
s truments , overlooks the operating area 
from its position above the controlled ac­
cess room. Access from the main building 
corr idor to the facility is provided through 
this room, where personnel radiation 
monitoring instruments are stationed. 

I90LATKM 
ROOM 

/(CONTROLLED 
/ ACCESS ROOM! 

/•—OPERATING AREA 

Fig. 3. Room Layout of Pilot-scale 

Alpha Facil i ty Ventilation air flows through the 
area once (it is not recycled) from the least 

to the most contaminated a reas (i.e., from the building corr idor to the iso­
lation room to the operating a rea to the process cell) and also from the in­
let ventilation ducts to the operating a rea to the process cell . Air flow 
through the larger box is up to 600 cfm; through the smaller box, 150 cfm. 

All air entering the facility is humidified to 40% relative humidity 
and is water-scrubbed and filtered at least once before being exhausted 
from the building. For air exhausted from the larger alpha box, this 
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t r e a t m e n t is p e r f o r m e d twice (in s equence ) . All a i r e x h a u s t e d to the 
bui lding s t ack is m o n i t o r e d cont inuously for r a d i o a c t i v i t y , us ing a r e c o r a e . 
F i g u r e 4 shows the pa th of vent i la t ion a i r f lows . 

Fig, 4. Ventilation Air and Process Off-gas Flows for Alplia Facility 

The l a rge a lpha bo.x is 17 \ it high, Zbjit long, and 3 | f t wide ; the 
sma l l alpha box is 10 | f t high, 1 3;j ft long, and 3 | f t w ide . C o n s t r u c t i o n is 
m o d u l a r , each sec t ion being e s s e n t i a l l y a 3^-ft cube; the l a r g e a lpha box 
is eight s ec t ions long and five s e c t i o n s high. Windows a r e l o c a t e d at a l l 
but t h r e e of the 80 face pos i t ions (40 on e a c h s ide of the l a r g e a lpha box) ; 
the except ions a r e the two v e n t i l a t i o n - a i r in le t s and an e m e r g e n c y - a i r 
ex i t -duc t connect ion . The s ide s e c t i o n s of the b o x e s a r e f a b r i c a t e d f r o m 
1 /8- in . - th ick , c o l d - r o l l e d shee t s t e e l ; the end p a n e l s , f r o m 3 / 1 6 - i n . - t h i c k 
s t e e l . The alpha box windows, 3 / 8 - i n . - t h i c k l a m i n a t e d g l a s s , a r e s e a l e d 
to the f r a m e w o r k by N e o p r e n e channel s t r i p p i n g and a p l a s t i c s e a l a n t that 
s e t s at r o o m t e m p e r a t u r e . Ins ide and ou t s ide m e t a l s u r f a c e s of the b o x e s 
a r e pa in ted with chemica l r e s i s t a n t f i n i s h e s . 

Equ ipmen t and m a t e r i a l s a r e b rough t into or r e m o v e d f r o m the 
boxes th rough 8- , 2 2 - , or 3 0 - i n . - d i a open ings wi th a b a g - s e a l i n g t e chn ique 
using po lyv iny lch lor ide bags and a d i e l e c t r i c s e a l e r . E igh t 30 - in . open ings 
a r e loca ted at the top of the box for r e m o v i n g l a r g e e q u i p m e n t i t e m s , s i n c e 
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vertical (but little lateral) movement of such equipment is possible. In 
addition to the above openings, 4-in.-dia sphincter-type openings are 
available for adding items of small s ize. 

Hydraulically operated lifts elevate personnel to working positions 
on each face of the larger glovebox. The 7-ft-long, 2-ft-wide lift platforms 
are large enough to accommodate more than one person at a t ime. 

Figure 5 is an overall view of the process equipment in the large 
alpha box. Figures 6 and 7, respectively, are equipment-instrumentation 
flowsheets of the fluorination and decomposer pilot plants. 

-TO SCRueBER 

-RLTER CHAMBERS 

ALUMINA-flLLEO TRAPS 
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P"F6-UFj 
SUPPLY VESSELS 

OAS SUPPLY 

GAS PREHEATER 

BAG-OUT PORT 

SOLIDS 
RECEIVER 

PuFg -UFg RECEIVERS 

Fig. 5. Overall View of Process Equipment in Large Glovebox (Not to scale) 

5.2 F l u o r i n a t i o n P i l o t - p l a n t E q u i p m e n t 

The f luo r ina t ion s y s t e m inc ludes gas s u p p l i e s , a f lu id -bed f l u o r i n a t o r 
wi th c o n n e c t e d o f f -gas f i l t e r s , a s e c o n d a r y of f -gas f i l t e r , hexa f luo r ide 
cold t r a p s , a p u m p for c i r c u l a t i n g p a r t o r al l of the f l u o r i n e - c o n t a i n i n g 
p r o c e s s o f f - g a s . a g a s - a n a l y s i s s y s t e m , c h e m i c a l t r a p s for r e m o v i n g f luo­
r ine and h e x a f l u o r i d e s , and U F ^ - P u F t p r o d u c t r e c e i v e r s . Mos t p r o c e s s 
c o m p o n e n t s of the f l uo r ina t i on s y s t e m a r e l o c a t e d in the l a r g e a lpha box , 
the e x c e p t i o n s be ing the p u m p for r e c i r c u l a t i n g f luo r ine and the c o n t r o l 
v a l v e s for the g a s s u p p l i e s . The f luor ine p u m p h e a d is e n c l o s e d in i t s 
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own small alpha enclosure, which is connected to the large alpha box via a 
welded duct. The control valves for the gas supplies are located in the 
small alpha box. 

The fluorinator shown in Fig. 8 with its three sections--fluidizing, 
disengaging, and gas distributing-- is of welded A-nickel construction, ex­
cept for the disengaging section, which is L-nickel for added strength. The 
fluidization section of the fluorinator consists of a 4-ft section of 3-in. 
Schedule 40 pipe. The conical disengaging section, fabricated f rom3/ l6 - in . 
plate, is welded to the top of the fluidization section. The disengaging sec­
tion is in the form of an inverted, oblique, truncated cone, 20 in. long and 
14 in. in diameter at the top. All internal angles are greater than 60° from 
the horizontal in order to minimize powder holdup. The gas distributor, a 
baffled-cone unit, is connected to the flanged bottom of the fluidization 
section. 

The fluorinator is provided with both heating and cooling systems. 
The heaters and the cooling coils are wrapped together on each reactor 
section. Heat is supplied from tubular, e lec t r ic - res is tance heaters wrapped 
on the separate reactor sections. To aid conductive heat t ransfer , the 
heating elements are bonded to the walls by copper applied by flame 
spraying; an overlay of stainless steel, s imilarly applied, protects the cop­
per from oxidation. The lower 24 in. of the reaction zone is cooled using 
a two-phase mixture of air and water, which is passed through an external 
coil attached to the wall of the fluorinator. Air is passed continuously 
through the coil; water injection into the cooling coil at each of three loca­
tions in the coil is controlled by a temperature controller for each of three 
cooling zones. Internal reactor temperatures are measured by Chromel-
Alumel thermocouples. 

The filter chambers are mounted atop the disengaging section of the 
fluorinator unit. These chambers (3 | - in . -dia , 40-in.-long Schedule 40 pipe) 
house sintered-Monel, bayonet-type fi l ters, which retain dust entrained 
from the fluid bed by the fluorinator off-gas. The lower 18-in. portions of 
the filter chambers are wrapped with water-cooling coils and have internal 
fins to aid in cooling the off-gas to below 150°C, the desired filter operating 
temperature. The porous, sintered Monel filter elements are 9-in.-long 
bayonet type, and have a filtering area of 0.18 sq ft per element and a nomi­
nal porosity rating of 20 p.. The filter units operate in paral le l . To prevent 
buildup of filter cake, each filter is equipped with an automatic blowback 
system, which supplies a pulse of 80-psig nitrogen gas intermittently. One 
filter is blown back at a t ime. 

A secondary filter chamber (shown in Fig. 6), containing an 18-in.-
long bayonet filter, is located downstream from the pr imary units to trap 
any entrained solids in the event of failure of the p r imary filter elements. 
The filter chamber is provided with electr ical hea te r s . 
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Uranium and plutonium hexafluoride from the fluorinator off-gas 
are collected in two series-connected, U-shaped cold t raps , made of nickel 
and Monel. In each leg of the cold t raps , the coolant flows through a cen­
tral tube to which longitudinal fins are welded. The solid hexafluoride 
products are collected on the fins. (The U shape eliminates the need for 
expansion joints.) The central coolant tubes are double-walled pipes, con­
sisting of an outer 3/4-in.-dia pipe to which the fins are welded, and an 
inner tube (l^Jj;-in.-thick wall) swaged in place. The double wall reduces 
the possibility of contaminating the coolant if a leak should develop in the 
finned tube. The trichloroethylene heat-exchange liquid flowing through 
the central tubes is cooled by a 6000-Btu/hr mechanical refrigeration unit 
designed to maintain the coolant at -70°C. Hexafluorides can be t ransferred 
from the cold traps by vaporization by heating the heat-exchange tr ichloro­
ethylene fluid to approximately 80°C and heating the outer walls with re ­
sistance heaters . 

Each cold trap is weighed continuously, the weight being recorded 
remotely on a millivolt recorder at the panelboard. The weighing system 
consists of a platform-type beam scale coupled to an automatic chain-
balancing system. Movement of the beam from the null balance point is 
detected by a photocell. The photocell circuit actuates a reversible electric 
motor, which moves a sprocket wheel and adds or subtracts chain to re ­
balance the beam. A 10-turn precision potentiometer turns with the sprocket 
wheel, providing a millivolt signal that is in direct proportion to the weight. 

The off-gas from the cold traps can be recycled to the fluorination 
reactor by a remote-head diaphragm compressor . This recirculation 
pump has a rated capacity of 2.0 scfm at 15-psia inlet and 30-psia dis­
charge p r e s su re . The remote head contains a nickel diaphragm sealed 
between heavy nickel flanges, 18 in. in diameter . An alpha box encloses 
this remote head, and a 4-in. vent duct connects this enclosure to the large 
alpha box. Pneumatic control of the variable-speed electric motor of the 
pump unit allows variation of pumping flow by remote operation from the 
panelboard. 

Sodium fluoride and activated-alumina chemical traps in the off-gas 
line downstream from the cold traps remove any hexafluorides and fluorine 
in the process off-gas before the gas is sent to the process scrubber. The 
t raps, fabricated from 4-in.-dia b rass tubing, are each 5 ft long. The bed 
of active mater ia l is supported by a perforated plate inside the trap, and 
nickel wool prevents solids from entering the connecting lines at either end. 
Thermocouples are mounted on the outside wall to indicate bed temperature. 
Consumption of the activated alumina is monitored by following the reaction 
zone with these thermocouples. 

Analysis of fluorine in the process gas is based on the thermal con­
ductivity of the gas that flows through the analyzer continuously at flows 
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of 100 to 500 cc/min. The gas to be analyzed is removed from the process -
gas s t ream either before or after the cold t raps . The gas conductivity is 
measured before and after chlorine is substituted for the fluorine in the 
gas s t ream by reaction with sodium chloride: 

2NaCl(s) + Fi(g) - 2NaF(s) + Cl2(g). 

The analyzer is installed in the large alpha box; electr ical controls and r e ­
corded outputs of the thermal conductivity cells are located at the panel-
board. (A complete discussion of this gas analysis method is presented in 
Pa r t 11 of this ser ies of reports ) 

Two types of process valves are used. The first is a manually 
operated, l /4- in . , Monel diaphragm valve, which is used for low gas flow-
rate applications and where temperature or pressure requirements are not 
stringent. The second and major type of process valve is a l /2- in . Monel 
bellows-seal type. This valve is either manually or a i r -operated and has 
either a metal - to-metal seat for 350°C service, or a Teflon-to-metal seat 
for lower- temperature service . The valve bonnet is bolted to the valve 
body and can be removed for cleaning and repairing the plug or seat. The 
valve bellows withstands a static load of 200 psi. When installed, the proc­
ess shutoff valves had a leakage rate of less than 0.1 micron-cu ft /hr 
(1 X 10 ' standard cc/sec) across the seat. 

5.3 Thermal-decomposer Pilot-plant Equipment 

The decomposer process equipment (shown in Fig. 7) includes gas 
supply sources , a gas preheater , a fluid-bed reactor with integral filter 
section, a secondary filter, an off-gas analysis system, an exit-gas scrub­
ber , and dry chemical t raps . The reactor is fabricated of Inconel, other 
equipment and lines are of nickel and Monel. 

The reactor is composed of three sections connected by flanges: 
a 60° cone bottom, a fluid-bed section, and a cooling and filtering section 
(disengaging section). The cone bottom (shown in Fig. 9) has an opening 
at the apex for the gas feed: The hexafluoride feed mixture enters through 
a 0.125-in.-ID nozzle extending 22in. into the cone; the fluidizing nitrogen 
or steam and hydrogen reactants enter through the annulus around the 
hexafluoride nozzle. The side opening in the cone bottom is for product 
takeoff and sampling. 

The fluid-bed section (shown in Fig. 10) is of 2-in. Schedule 40 pipe 
and 24 in. long. Three 1500-W and two 750-W alloy-sheathed tubular 
e lec t r ic - res i s tance heaters (includes one spare of each size) are bonded 
to the outside wall with a coating of copper and an overlay of stainless s teel . 
Thermocouples are inserted through side inlets, which also serve as p r e s ­
sure taps . One side inlet is available for adding seed part ic les to the fluid 
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b e d . O the r open ings inc lude a s o l i d s - o v e r f l o w pipe and a p o r t , n o r m a l l y 
p lugged, t h r o u g h which a B o r e s c o p e * can be i n s e r t e d for e x a m i n i n g the 
i n t e r i o r of the r e a c t o r . Two t h e r m o w e l l s a r e l oca t ed on the lower half of 
the wal l of the f lu id -bed s e c t i o n for m e a s u r i n g sk in t e m p e r a t u r e s . 

The cooling and f i l t e r ing s e c t i o n (shown in F i g . 11) of the r e a c t o r 
has a 26 - in . l eng th and a 4 . 0 3 - i n . ID. The lower half of the cool ing and 
f i l t e r ing s e c t i o n is w r a p p e d wi th cool ing c o i l s , wh ich a r e bonded the s a m e 
way that the co i l s a r e bonded to the m a i n r e a c t i o n s e c t i o n . A t w o - p h a s e 
a i r - w a t e r m i x t u r e is the coo lan t . At the m i d d l e of th i s s ec t i on , a p o r t is 
p r o v i d e d for v iewing the i n t e r i o r of the r e a c t o r . The cove r f lange is p r o ­
vided wi th a c e n t r a l opening for a t h e r m o w e l l and four coup l ings for the 
four bayone t f i l t e r s , 1^ in. wide by 12 in. long, of p o r o u s n i cke l ^mean p o r e 
s i z e , 10 ^^). A f i l t e r b lowback dev ice (jet p u m p ) , u s ing h i g h - p r e s s u r e n i ­
t rogen , is p r o v i d e d for e a c h f i l t e r . 

The s e c o n d a r y (backup) f i l t e r v e s s e l , 21 in. long wi th a 3 . 5 5 - i n . I D , 
is w r a p p e d wi th a 1500-W t u b u l a r h e a t e r . In th i s v e s s e l is a s ing le cy l in ­
d r i c a l f i l t e r , 18 in. long and 2 ^ in. in d i a m e t e r a s a backup to the p r i m a r y 
f i l t e r s and f a b r i c a t e d of a s i m i l a r g r a d e of p o r o u s n i c k e l . 

The UF(,-PuFf, m i x t u r e is fed f r o m 4 - i n . - d i a , 3 1 - i n . - l o n g c y l i n d r i ­
cal v e s s e l s , e a c h hea t ed by two 200-W band h e a t e r s . Cool ing co i l s a r e 
p r o v i d e d for e m e r g e n c y coo l ing . A i r , n i t r o g e n , and h y d r o g e n a r e supp l i ed 
f r o m h i g h - p r e s s u r e c y l i n d e r s and p a s s t h r o u g h d r i e r s . S t e a m is supp l i ed 
by a c o n s t a n t - p r e s s u r e , e l e c t r i c a l l y hea t ed s t e a m g e n e r a t o r . All g a s f low-
r a t e s a r e m e t e r e d and a u t o m a t i c a l l y c o n t r o l l e d by o r i f i c e - d i f f e r e n t i a l 
p r e s s u r e s y s t e m s . The g a s e s e n t e r i n g the d e c o m p o s e r (n i t rogen , s t e a m , 
hydrogen , or oxygen) a r e p r e h e a t e d in a 3 3 - i n . - l o n g , l ^ - i n . - d i a p ipe s e c t i o n 
packed wi th l / 2 - i n . - d i a n i cke l R a s c h i g r i n g s ; hea t is supp l i ed by a u t o m a t i ­
ca l ly c o n t r o l l e d c l a m s h e l l h e a t e r s . 

The off -gas f rom the s e c o n d a r y f i l t e r v e s s e l p a s s e s to a s c r u b 
t o w e r . The s c r u b b e r is a c o u n t e r c u r r e n t , packed t o w e r c o n s t r u c t e d of 
4 - i n . - d i a pipe of Monel a l loy 400 in which c a u s t i c is c i r c u l a t e d . The packed 
sec t ion , conta in ing l / 2 - i n . - d i a Monel R a s c h i g r i n g s , is 3 ft long and is 
finned on i ts o u t e r s u r f a c e for hea t d i s s i p a t i o n . C a u s t i c so lu t ion is pumped 
f rom the hold tank and s p r a y e d onto the top of the pack ing ; the o f f -gas e n t e r s 
the bo t t om of the t o w e r and p a s s e s t h r o u g h the p a c k e d s e c t i o n to a l iquid d e -
e n t r a i n m e n t v e s s e l and then is d i s c h a r g e d into the v e n t i l a t i o n - a i r t r e a t m e n t 
s y s t e m . 

Product of the American Cystoscopc Makers, Lie.. New York. 
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5.4 Data-handling Equipment 

The data-handling equipment includes a Minneapolis Honeywell 
data logger with its associated Flexowriter typewriter* and paper tape 
punch unit. Data on the paper tape are t ransferred to magnetic tape on a 
Control Data Corporation (CDC) 160A, and the information on the mag­
netic tape is processed on the CDC 3600. All plotting of information is on 
a Calcomp 580 plotter.** Figure 12 is a schematic diagram of the data-
handling system. 

DATA LOGGER 

^ 
™ -

==^ 
= 
_ 

TIME 

-

0, , no • 

Fig. 12. Handling of Data from the Logger 

The data logge r , a r e l a t i v e l y old (1958) uni t , can a c c e p t 175 
C h r o m e l - A l u m e l (0-1000°C) t h e r m o c o u p l e s i g n a l s , 19 (3 -15 ps ig ) pneu ­
ma t i c s igna l s , and 6 (0-20 mV) e l e c t r i c a l s i g n a l s . The t h e r m o c o u p l e 
channels a r e c o m p e n s a t e d to give a l i n e a r t e m p e r a t u r e output . P n e u m a t i c 
s igna ls a r e t r a n s d u c e d to mi l l ivo l t s i gna l s by p r e s s u r e - t o - c u r r e n t , f o rce 
ba lance u n i t s . 

Two m o d e s of logger o p e r a t i o n a r e p o s s i b l e - - ( 1 ) a scann ing of a l l 
data points to find those outs ide a p r e s e l e c t e d r a n g e and a logging of t h e s e 
points , or (2) a logging of al l p o i n t s . The f o r m e r has not been u s e d h e r e 
and will not be d i s c u s s e d f u r t h e r . The logging cycle c o n s i s t s of d ig i t i z ing 

A product of the Commercial Controls Corporation. Roclicster, New York. 
A product of California Computer Products. Inc.. Analieim. California. 
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e a c h v a r i a b l e at a r a t e of about one s e c o n d p e r po in t and p r i n t i n g the d a t a 
on a r o l l e r - t y p e log s h e e t w i th a t i m e s igna l r e c o r d e d e v e r y 50 p o i n t s . 
The logging cyc le can be i n i t i a t ed e i t h e r m a n u a l l y o r a u t o m a t i c a l l y by a 
t i m e - c l o c k r e l a y . A 5 - m i n i n t e r v a l b e t w e e n logging c y c l e s h a s b e e n u s e d 
g e n e r a l l y . F i g u r e 13 shows a p a r t of a t y p i c a l log s h e e t (the r i g h t s ide h a s 
b e e n cut off). 

A c o m p u t e r p r o g r a m for c a l c u l a t i n g r e s u l t s was w r i t t e n , eUid a t y p i ­
ca l output d a t a s h e e t showing the input and c o m p u t e d v a l u e s is shown in 
T a b l e 1. A g r a p h of any c a l c u l a t e d d a t a can be ob ta ined ; F i g . 14 s h o w s 
t y p i c a l p l o t s . 

Any v a r i a b l e tha t i s logged can be s e l e c t e d for p lo t t ing as a funct ion 
of t i m e us ing a n o t h e r c o m p u t e r p r o g r a m . F i g u r e 15 is a t yp i ca l plot of 
t e m p e r a t u r e s in the f l u o r i n a t o r f i l t e r z o n e . 

6. M A T E R I A L S OTHER THAN P L U T O N I U M -
CONTAINING M A T E R I A L S 

P r o p e r t i e s of p l u t o n i u m - u r a n i u m - c o n t a i n i n g m a t e r i a l s - - UO^-PuO^-
F . P . p e l l e t s , PUF4, and B r F s bed r e s i d u e s - - a r e d i s c u s s e d s e p a r a t e l y in 
o t h e r s e c t i o n s . P r o p e r t i e s of o the r p r o c e s s m a t e r i a l s a r e d i s c u s s e d b e l o w . 

S i x - p o u n d c y l i n d e r s of f luor ine gas w e r e ob ta ined f r o m Al l ied 
C h e m i c a l C o m p a n y , I n d u s t r i a l C h e m i c a l s D iv i s ion . F r o m c h e m i c a l a n a l y ­
s e s s u p p l i e d by t h e m , the g a s , c o n s i d e r e d typ ica l of D e c e m b e r 1966 p r o ­
duc t ion , con t a ined 98 .81% f l u o r i n e , 0.43% H F p lus CF4, and 0.76% oxygen 
p lus n i t r o g e n . Any r e s i d u a l H F w a s s o r b e d on N a F , in a t r a p i n s t a l l e d in 
the f l uo r ine supp ly l i n e . 

N i t r o g e n and oxygen w e r e ob ta ined f r o m Argonne Na t iona l L a b o r a t o r y 
s u p p l i e s of 2 0 0 0 - p s i g c y l i n d e r s con ta in ing 200 scf. M i n i m u m g u a r a n t e e d 
c o m p o s i t i o n s w e r e 99.9% n i t r o g e n and 99.5% oxygen . 

The d e n s e a l u m i n a g r a i n for the f luid bed was A l u m i n a C o m p a n y of 
A m e r i c a T a b u l a r 61 , n o m i n a l 4 8 - 1 0 0 m e s h . S ieve d a t a a r e g iven in T a b l e 2. 
The a l u m i n a , p r e p a r e d by hea t ing it to 3700°F (the fus ion poin t of Al^Oj), i s 
c o m p o s e d of t a b l e t - l i k e c r y s t a l s . T h i s m a t e r i a l i s d i s t i n c t l y d i f fe ren t f r o m 
the fused a l u m i n a , wh ich is p r e p a r e d by hea t ing to 4000 ' 'F . A c c o r d i n g to 
the Alcoa s p e c i f i c a t i o n s h e e t , the a l u m i n a af ter d i s c h a r g e f r o m the con­
v e r t e r c o n t a i n s 99.5% AI2O3, 0.06% SiO^, 0.06% Fe^Oj , and 0.02% NajO and 
h a s a bu lk d e n s i t y of 125 I b / c u ft, a h a r d n e s s of 9 on the Moh s c a l e , and a 
p o r o s i t y * of 13%. 

*Porosity represents a measurement of the pore volume as determined by water absorption. 



E 
•'4 
H 

1926 

IH6 
I94« 

I9S« 

2006 

2016 

2026 

2037 

20«7 

2057 

2107 

2117 

2127 

2137 

2147 

2157 

to 
'J 

0416 

04«6 

04»7 

0417 

04«7 

04M 
0447 

0497 

04»7 

0414 

0497 

0497 

0497 

0497 

0496 

0497 

2207y 0446 

-Channel Humbers *- 2A 25 26 27 

0075 0193 0084 0092 0142 0078 0041 0327 0055 0039 0046 0051 0032 0029 0630 0690 0048 0635 0029 0030 0632 0058 0679 0688 0024 0314 0313 
0075 0197 0085 0091 0143 0078 0041 0342 0054 0039 0045 0C62 0030 0030 0618 0677 0048 0651 0029 0030 0631 0059 0619 0676 0(B4 0313 0312 
0075 0198 0086 009O 0144 0078 0040 0334 0054 0040 0046 0051 0031 0030 0673 0675 0048 0618 0029 0029 0638 0058 0644 0677 0024 0313 0313 
0074 0200 0086 0089 0145 0078 0040 0354 0055 0040 0046 0051 0031 0030 0636 0686 0048 0621 0030 0029 0633 0059 0618 0677 0024 0313 0312 
0073 0202 0086 0089 0146 0078 0041 0332 0054 0038 0045 0051 0030 0030 0630 0663 00(8 0435 0029 0029 0649 0058 0673 0686 0024 0313 0312 
0074 0203 0086 0088 0146 0078 0042 0339 0054 0040 0046 0051 0030 0030 0616 0674 0047 0656 0030 0030 0620 OOa 0635 0690 0024 0313 0312 
0073 0204 0087 0087 0148 0078 0040 0344 0054 0039 0045 0050 0031 0029 0636 0661 0047 0646 0029 0029 0630 0058 0668 0681 0025 0312 0312 
0073 0208 0087 0086 0149 0078 0041 0334 0054 0039 0045 0050 0030 0030 0619 0688 0047 0623 0030 0029 0666 0058 0623 0693 0024 0313 0312 
0072 0207 0O87 0086 0149 0078 0041 0348 0054 0039 0045 0050 0030 0030 0676 0688 OOa 0619 0030 0030 0667 0058 0657 0694 0(84 0313 0311 
0072 0210 0087 0085 0151 0078 0040 0322 0054 0039 0045 0051 0031 0030 0676 0693 0048 0637 0030 0030 0642 0058 0622 0691 0025 0312 0311 
0071 0212 0087 0084 0152 0078 0040 0327 0054 0039 0045 005O 0032 003O 0646 0687 0047 0647 0029 0(B9 0638 0058 0676 0683 0(85" 0313 0311 
0071 0212 0088 0084 0153 0078 0040 0326 0054 0038 0045 0050 0030 0030 0613 0687 0047 0650 0029 0029 0633 0058 0635 0675 0024 0312 0311 
0070 0212 0088 0084 0153 0078 0041 0328 0054 0039 0045 0 C60 0031 0030 0630 0685 0048 0635 0030 0030 0620 0058 0653 0698 0025 0312 0311 
0070 0214 0089 0083 0154 0078 0040 0326 0054 0038 0044 0050 0030 0030 0623 0694 004S 0677 0029 0030 0675 0058 0635 0651 0024 0312 0311 
0070 0226 0069 0(82 0161 0079 0041 0340 0054 0038 0045 0049 0031 0030 0677 0694 0048 0655 0029 0030 0618 0059 0671 0678 0(84 0312 0311 
0070 0235 0C91 0083 0169 0079 0040 0329 0054 0039 0045 0050 0031 0030 0628 0693 0047 0638 0030 0030 0635 0059 0640 0681 0024 0311 0311 
0070 0237 0093 0083 0173 0080 0041 0306 0054 0038 0045 0050 0030 0030 0625 0*50 0047 0638 0030 0030 0618 0059 0669 0685 0(84 0312 0311 

51 52 ^ Clianncl Numbers » 74 75 75 77 

1927 0496 0665 0671 0656 0671 0653 0657 0661 0672 0656 0670 0672 0667 0663 0652 066O 0660 0670 0666 0663 0662 0672 0667 0675 0652 0024 0089 0502 
1937 0497 0663 0665 0653 0653 0656 0674 0670 0674 0664 0656 0672 0656 0669 0654 0657 0652 0658 0655 0644 0675 0660 0657 0657 0654 0024 0 084 0902 
1947 0494. 0661 0651 0645 0656 0655 0656 0651 0656 0653 0657 0654 0673 0658 0665 0651 0664 0675 0653 0661 0657 0664 0667 0647 0670 O025 0092 0502 
1957 0494 0663 0663 0657 0660 0670 0659 0470 0654 0663 0469 0465 0640 0658 0652 0669 0669 0654 0665 0650 0658 0651 0665 0647 0668 0024 0 091 0502 
2007 0495^ 0661 0447 0448 0454 0459 0641 0455 0457 0454 0461 0457 0645 0456 0654 0642 0652 0660 0643 0647 0650 0644 0471 0458 0453 0024 0085 0502 
2017 0497] 0665 0643 0445 0643 0477 0454 0464 0657 0654 0647 0650 0671 0655 0656 0649 0660 0657 0654 0468 0655 0653 0663 0665 04a 0024 0067 0502 
2021 0497 0660 0440 0453 0661 0657 0656 0654 0656 0654 0657 0655 0656 0672 0658 0650 0658 0446 0657 0465 0461 0670 0672 0673 0658 0024 0 09O 0502 
2038 0497 0660 0670 0671 0647 0656 0667 0654 0643 0448 0663 0667 0652 0658 0670 0654 0464 0671 0655 0641 0442 0473 0657 0651 0669 0024 0083 0502 
20a 0497 0643 0643 0653 0642 0653 0664 0651 0665 0667 0643 0453 0652 0660 0654 0655 0654 0660 0655 0649 0661 0654 0666 0655 0670 0(84 0014 0502 
2058 0497 0641 0473 0642 0447 0467 0659 0448 0655 0652 0673 0658 0654 0672 0654 0460 0658 04W 0446 0643 0663 0657 0454 0647 0644 0024 0089 0502 

Fig. 13. Portion of a Log Sheet 



TABLE 1. Computer Output Data Sheet for Pilot-plant Fluorinator 

in 
29 
30 

100 
110 
120 
130 
K O 
150 
?0o 
JIO 
220 
?3n 
»«0 
250 
300 
3in 
320 
330 
340 
390 
400 
410 
420 
430 
440 
450 
'00 
910 
920 
530 
540 
950 
000 
AlO 
• 20 
030 
«40 
• 50 

TOO 

»in 
?20 
730 
740 
750 
OOO 
RIO 
020 
030 
040 
050 
900 
OlO 
920 
930 
940 
950 

T6MPEW4 
LONER U 
(C) 
420 
420 
420 
4t5 
465 
465 
465 
465 
465 
410 
410 
410 
405 
405 
405 
390 
390 
390 
400 
401) 
400 
460 
460 
460 
445 
445 
445 
463 
46J 
460 
44? 
442 
44? 
440 
440 
440 
445 
445 
445 
450 
450 
490 
447 
447 
447 
435 
435 
435 
440 
440 
440 
447 
447 
447 
440 
440 
440 
45* 
456 
45* 

UHE '"ES NPO 
'l>EB PSIO »«TES 
Cl 
40 6.1 1. 
40 6.1 li 
40 6.1 II 
35 4.6 u 
35 4.6 . 
35 4.6 " 
20 4,6 .1 
20 4.6 " 
20 4,6 
42 5,8 
42 5,8 0 
42 5.8 ^ 
40 4,1 u 
4 0 4,1 II 
40 4,1 
65 6.0 ll 
65 6,6 1. 
65 6,6 J 
40 6,4 J 
40 6.4 1 
40 6.4 u 
57 6.7 ; 
57 6.7 u 
57 6,7 •! 
45 7,? 1 
45 7,2 II 
45 7.? i; 
60 7,6 1 
60 7,6 u 
60 7,6 .-
50 7.9 1 
50 7.9 0 
50 7,9 ,j 
39 f.o II 
35 8.0 u 
35 8,0 11 
35 6.1 1, 
35 8,1 1. 
35 8.1 1, 
40 8.6 J 
140 6.0 
40 «.« » 
3« 9.1 1, 
136 9.1 iJ 
'3« 9.1 ,1 
140 9,0 II 
•40 9.0 1 
U O 9,0 " 
•40 9.1 
•40 9.1 1 
•40 9.1 J 
•42 2.1 
•42 2.1 
•42 ?.l 
•40 1.0 
40 t.a 
•40 1,0 
•56 1.7 
•56 1.7 
•S6 1.7 

r2 
000 
153 
l72 
20« 
«9« 
716 
|94 
066 
l7« 
115 
709 
2l» 
230 
?34 
?90 
320 
S09 
lai 
042 
093 
l9« 
251 
250 
241 
242 
210 
234 
^04 
130 
321 
325 
237 
057 
010 
01' 
Oil 
010 
010 
l9* 
156 
144 
l7l 
111 
113 
079 
091 
OS? 
10« 
16» 
l7« 
?04 
?2« 
794 
300 
767 
79« 

|9? 
137 
13« 
13« 

T fLO" 

02 
0 . 0 0 0 
0 . 3 0 0 
0 . 3 9 1 
0 . 3 0 4 
0 . 0 3 7 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 7 1 
0 . 0 0 0 
0 . 0 5 4 
0 . 2 2 5 
0 . 1 0 7 
0 . 0 4 5 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 1 0 4 
0 . 1 0 4 
0 . 1 0 4 
0 . 1 0 7 
0 . 1 0 7 
0 . 1 0 7 
0 . 1 0 7 
0 . 1 0 7 
0 . 1 0 7 
0 . 1 0 7 
0 . 1 0 7 
0 . 2 « 3 
0 . 0 5 4 
0 . 0 5 1 
0 . 0 4 7 
0 . 2 5 6 
0 . 3 ' . 5 
0 . 3 5 6 
0 . 3 5 9 
0 . 3 5 6 
0 . 3 5 4 
0 . 3 5 5 
0 . 3 5 1 
0 . 3 5 0 
0 . 3 5 4 
0 . 3 5 1 
0 . 3 4 9 
0 . 3 4 9 
0 . 3 4 9 
0 . 3 5 0 
0 . 3 4 9 
0 . 3 4 0 
0 . 3 4 0 
0 . 3 5 1 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
O.Ono 
0 . 0 0 0 
O.Ono 
O.Ono 
0 . 0 0 0 
O.OOO 
0 . 0 0 0 

r ? IN 

orr (its 
( 0 / 0 ) 

0 . 0 
7 . 6 
0.9 
6 .4 
0 . 5 
4 . 1 

1 2 . 7 
- 0 . 9 

9 . 8 
4 . 6 

1 0 . S 
2 .9 

• 0.4 
0.0 

. 2 . 0 
• 6 . 3 

0 . 9 
3 . 7 

- 0 . 3 
2 . 3 

• l . o 
1 - 1 . 8 

- 2 . 7 
- 1 . 1 
-O.O 
- 1 . 0 

0 . 3 
1 . 5 
0 . 0 

- 2 . 0 
7 .9 

VELOC 
irT/s 

UPPER 
. 1 0 8 
. 1 0 6 
. 1 0 8 
. 1 7 8 
. 1 7 9 
. 1 7 4 
. 0 3 4 
. 6 3 1 
. 0 3 3 
. 9 9 9 
. 0 0 0 

1T» 
EC) 
LONER 

0.6. 
0.7 
C.7 
C.7 
0.6' 
C.6 
t . t 
0.7 
C.7 
0 . 7 
0 . 8 0 
0.80 
0.80 
0. 
0. 

990 
.144 
. 1 4 4 
. 1 3 7 
. 0 1 7 
. 0 7 5 
. 0 3 7 
. 0 3 2 
. 0 3 4 
. 0 3 2 
. 1 6 0 
. 1 5 7 
. 1 5 0 
.090 
.090 
.092 0. 
.077 c. 
.073 0. 
.078 0. 
.037 0. 
.043 0. 
.095 0. 
.028 0 . 
.0?7 0. 
.0?9 0. 
. 4 1 9 1 . 
. 4 1 9 1 . 
. 4 1 0 1 . 
. 0 1 3 0 . 
. 0 1 2 0 . 
. 0 0 0 0 . 
.999 0. 
. 9 9 6 0 . 
. 0 0 0 0 . 
.9)19 0. 
.996 0. 
.980 p. 
.077 0. 
.082 0. 
. 0 8 1 0 . 
. 7 1 5 0 . 
, 7 7 8 0 . 
. 8 0 4 n. 
. 7 1 0 P. 
. 7 1 1 0 . 

0 . 7 1 1 0 . 
0 . 6 5 4 0 . 
0 . 6 5 4 0 . 
0 . 6 5 4 0 . 

PERCENT 
U T I L I 2 4 M 0 N 

"2 P2 
0.0 
0 .4 
0.7 
?.7 

24.1 
6.0 
0,0 

17.4 

9.1 
4.7 

44.9 
90.0 
66.6 
14.5 

117. 
0.0 29. 
8.3 35. 
1.7 16. 

18.0 80. 
40.5 107. 
0.0 99. 
0.0 110. 
0.0 128. 

97. 
37. 
17. 65. 

114. 
26. 
19. 
7. 

26. 
77. 
65. 
»«. 
81. 
98. 

117. 
90. 

117. 
119. 
159. 

1.6 286. 
7.1 404. 
1.0 298. 
1.0 ?98. 
1.1 352. 
4.0 95. 
4.1 82. 

1.« 
6.8 

1«.0 
21.4 
21.4 
19,6 
11.8 
78. 0 
63.9 

4.5 
T.O 
1.8 

99. 
128. 
50. 
7n. 
48. 

4.5 IJl. 
4.3 81, 
1.4 2 4 . 

o.p 3 7 . 

0.0 1 2 6 . 

o.n 1 ? 5 . 

0.0 1 7 . 

4.0 
4. n 

R «TE 
V O L . 
SCFM 

n.ooo 
0.278 
0.145 
1.867 
1.7?2 
7.878 
0.556 
1 .989 
1.033 
0.811 
0.678 
3.489 
4.711 
4.678 
6.434 
8.41? 
6.012 
7.389 
0.956 
0.?78 
0.767 
0.356 
1.3?7 
3.489 
4.145 
4.134 
3.800 
5.978 
7.4?3 
5.634 
7.617 
5.667 
l.«22 
1.035 
1 .345 
0.633 
0.611 
0.7?? 
5.789 
7.578 
7.878 
4.400 
1 .111 
1.589 
0.7?? 
7.300 
0.156 
7.8?? 
7.7?? 
0.867 
1 .311 
5.7?5 
7.367 
1.067 
0.4?? 
0.056 
0.033 
0.033 
O.055 
0.033 

OF Ur6 
NT, 

L P / H R 

0.000 
0.272 
0.14? 
1.850 
1.689 
2.672 
0.545 
1.558 
1.013 
0.795 
0.665 
3.471 
4.670 
4,587 
6.308 
8.246 
5.694 
2.343 
0.957 
0.272 
0.752 
0.349 
1.297 
3.471 
4.044 
4.053 
3.776 
5.64? 
7.278 
5.770 
7.443 
5.557 
1.787 
1.013 
l.JH 
0.671 
0.599 
0. 7o8 
3.715 
2.976 
2.87? 
4.315 
1.090 
1.556 
0.708 
2.255 
0.153 
2.747 
2.649 
0.650 
1.286 
5.611 
7.274 
1.046 
0.414 
0.055 
0.0'3 
0,053 

CUM. 
uro 
((;M) 
0.0 

20.6 
31.3 

169.8 
797.6 
511.2 
557.4 
670.3 
746.9 
807.1 
857.4 

1116.3 
1465.6 
1817.9 
2796.3 
7914.3 
3360.3 
3557.6 
3604.5 
3629.1 
3686.0 
3717.4 
3810.5 
4069.4 
4574.9 
4685.5 
4965.5 
5409.0 
5959.7 
6597.5 
6957.3 
7377.7 
7517.9 
7589.6 
7669.3 
7754.3 
7781.7 
7835,3 
8116,4 
8507.7 
6571.2 
8847.7 
8930.1 
9048. 0 
9101.6 
9777.2 
9785.8 
9495.? 
9695.2 
9759.5 
9854.7 

10781.3 
10877.9 
10907.0 
10958.4 
10947.5 
10945.0 
10947.5 
10949.9 
10957.4 

uro 
L9/NR/ 
so.rr. 

0.0 
5.3 
2.8 

35.7 
32.9 
55.0 
10.6 
30.4 

i».e 
19.5 
l3.0 
66.7 
90.1 
8«.4 

123.0 
160.8 
114.9 
45.7 
18.3 
5.3 

14.7 
6.0 

25.3 
66.7 
79.2 
79.0 
72.6 

114.3 
141.9 
111.5 
145.5 
10».3 
34.8 
I'.O 
29.7 
12.1 
11.' 
l3.8 
7?.4 
49.3 
55.0 
84.1 
71.2 
30.4 
13.8 
44,0 
3.0 

53,9 
52,0 
l6.6 
75.1 

10'.4 
140.8 
70.4 
8.1 
1.1 
0.6 
0.6 

PERCENT 
T0T4L 
UF6 

0 
0. 
0. 
1. 

7. 
10. 
13. 
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GAS TEMPERATURES, in WMt and Eott Chamb«r« 

FLUORINATOR FILTER ZONE 
TEMPERATURES 

SKIN TEMPERATURE. 
East Flltflr Chambar 

SKIN TEMPERATURE. Watt Flltsr ChQfnb*' 

_L _L _L .1- _L -J_ 

MINUTES ( RiO) 

Fig. 15. Typical Computer Plot of Selected Logged Data 

T A B L E 2. Sieve A n a l y s i s a of Alcoa T a b u l a r T - 6 1 , 
N o m i n a l 4 8 - 100 M e s h Alumina 

USS Sieve 

+45 

- 4 6 +60 

-60 +80 

- 8 0 +120 

wt % 

0.1 

7.3 

57.1 

30.0 

USS Sieve 

- 120 +170 

-170 +230 

-230 +325 

- 3 2 5 

wt % 

4.4 

0 .5 

0 .4 

0.2 

3-Sample s i e v e d by p lac ing s c r e e n s on shak ing t r a y for 15 m i n . 

Alcoa F - 1 g r a d e , 8- 14 m e s h , a c t i v a t e d AI2O3, wh ich h a s s u r f a c e 
a r e a s g r e a t e r than 200 m y g and a bu lk d e n s i t y of about 52 I b / c u ft, i s the 
r e a c t a n t o r s o r b e n t for f l uo r ine and f l u o r i d e s in the p r o c e s s g a s l eav ing 
the p i l o t - p l a n t f l u o r i n a t i o n e q u i p m e n t . The Alcoa s p e c i f i c a t i o n s h e e t 
s t a t e s tha t the a c t i v a t e d a l u m i n a t y p i c a l l y c o n t a i n s 92% AljOj , 0.90% Na^O, 
0.08% F e j O j , and 0.09% SiOj . L o s s on ign i t ion at 1100°C is 6.5%. The 
m a t e r i a l i s p r e p a r e d by t h e r m a l t r e a t m e n t of r o c k - l i k e g r a n u l e s of hydrated 
a l u m i n a and is u s e d to s o r b g a s e s and v a p o r s . 
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NaF pellets ( l / s in. in diameter by l /8 in. high), prepared by 
esorbmg HF from pellets of N a F H F (a process that produces a high-

porosity pellet), were used as sorbents for uranium hexafluoride and plu­
tonium hexafluoride. Batches of as-received NaF pellets from Harshaw 
Chemical Company contained 0.02% to 1.7% residual HF. Pel le ts desorbed 
by us contained 0.05% HF. 

Cesium fluoride used in the PUF4 fluorination experiments was ob­
tained from City Chemical Company as a fine powder, 99.9% pure . 
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7. PLUTONIUM FLUORINATION RUNS 

7,1 Two-zone Oxidation-Fluorination Experiments 

7.1.1 UO^-PuO;-F.P. Pellets 

Numec Corporation prepared the l / 2 - by l /2- in . right cylinders of 
UOj-PuO^-F.P. oxide pellets. The concentration specified for PuO^ in these 
pellets was 0.49 wt % and for the F.P. oxides as shown in Table 3. Concen­
trations are typical of those for a fuel kept in a Dresden-type reactor for 
4 yr (10,000-MWd/ton burnup) and then cooled for 30 days. In the prepara­
tion of the pellets, plutonium metal was oxidized and this powder was me­
chanically blended with other oxide powders. This mixture was pressed 
into pellets, which were sintered in 6 vol % hydrogen in nitrogen for 8 hr at 
1600''C. The production contract specified that the finished pellets should 
have O/U and O/Pu ratios between 1.90 and 2.08, and that the minimum pel­
let density should be greater than 10.2 g/cc , or about 93% of theoretical . 

TABLE 3. Concentration of F.P. Oxides 
Added by Pellet Fabricator 

F . P . Oxide 

S r O 

B a O 

y.rOi 
MoOj 
RhOi 
P d O 

RuOj 
Ag.O 
C d O 

Ir^Oj 

C o n c e n t r a t i o n , 
wt % 

0.0510 
0.0870 
0.2720 
0.2800 
0.0340 
0.0180 
0.1380 
0.0012 
0.0030 
0 .0004 

F . P . Oxide 

La jO , 
C e , 0 , 
P r ^ O , 
Nd^O, 
Sn^O, 
Eu^Oj 
Gd^Oj 
Nb^O^ 
YzO, 

C o n c e n t r a t i o n , 
wt % 

0.0 7 50 
0.1350 
0.0630 
0,2620 
0.0600 
0.0030 
0 .0008 
0 .0004 
0.0039 

For mater ia l -balance purposes, it was necessary to know the amounts 
of elements, part icularly plutonium, in the pellets. Wet analyses to deter ­
mine concentrations of plutonium and some fission products, and spect ro-
chemical analyses for all fission products, indicated that there was wide 
variation in plutonium and F .P . concentrations from batch to batch of pellets 
and also between pellets within a given batch. A nondestructive test method 
for plutonium was developed to supplement the costly wet analysis. This 
test was based on measuring the gamma radiation emitted mainly by the 
60-keV gamma from the " ' A m decay. Ten pellets from each of the 
12 batches were examined. The conclusions reached were: 
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1. T h e r e was a wide va r i a t i on in concen t r a t i on be tween b a t c h e s 

and a l so be tween pe l l e t s of a ba tch , as wet a n a l y s e s s u g g e s t e d . 

2. The tes t could not d i sp rove the content ion Ihal the p e l l e t s con-

ta ined an a v e r a g e of 0.49 wt % PuO^. 

, ^ Hafa for this r ad i a t i on a n a l y s i s m e t h o d 
The equ ipment , t echnique , and data lor tnis ra 

a r e p r e s e n t e d in Appendix A. For m a t e r i a l - b a l a n c e s purpc^ses , it was a s ­
s u m e d that the pe l le t s contained the amounts of u r a n i u m , p lu ton ium, and 
f i ss ion p roduc t s speci f ied in the con t r ac t . 

7.1.2 P r o c e d u r e 

Before each f luorinat ion run, any l eaks in l ines o r e q u i p m e n t w e r e 
de tec ted by p r e s s u r i z i n g iso la ted sec t ions of the p i l o t - p l a n t s y s t e m ( exc lud ­
ing the off-gas sc rubbing s y s t e m ) to 15 ps ig . In t hose s e c t i o n s in which a 
p r e s s u r e d rop was o b s e r v e d after the supply n i t rogen was i s o l a t e d , any s u s ­
pec ted joints w e r e covered with soap solu t ion , and any l e aks found w e r e r e ­
pa i r ed . The p r o c e d u r e was continued until the r a t e of p r e s s u r e d r o p (if any) 
was l e s s than the m a x i m u m specif ied for the p a r t i c u l a r s e c t i o n . T h e v a l u e 
for the m a x i m u m al lowable p r e s s u r e - d r o p r a t e was d e t e r m i n e d by c o n s i d e r ­
ing the concen t ra t ion of plutonium in the gas p h a s e , the v o l u m e of the s y s t e m , 
and the a s s u m e d decon tamina t ion of the ven t i l a t ion a i r tha t could be ob ta ined 
in the two i n - s e r i e s s c r u b b e r s y s t e m s . De ta i l s for a r r i v i n g at the v a l u e s for 
each sec t ion a r e given in Appendix B. 

Table 4 shows the weights of the a l u m i n a and pe l le t c h a r g e s to the 
f luor ina tor in each run. The new a lumina was 48-100 m e s h , excep t in 
Run P u - 2 whe re finely divided (most ly l e s s than - 3 2 5 m e s h ) a l u m i n a was 
added to the 48-100 m e s h m a t e r i a l in an a t t e m p t to i n c r e a s e the f i l t e r c a k e 
buildup, and the reby ach ieve b e t t e r r e t u r n of th i s e l u t r i a t e d m a t e r i a l to the 
r e a c t i o n zone when the f i l t e r s w e r e c leaned by b lowback . T a b l e 4 a l s o 
shows the p a r t i c l e - s i z e data for the a l u m i n a feed of Run P u - 2 . 

After a s a t i s f a c t o r y l e a k - t e s t r e s u l t was ob ta ined , m a t e r i a l s w e r e 
cha rged to the r e a c t o r while it was at r o o m t e m p e r a t u r e and a t m o s p h e r i c 
p r e s s u r e . The a lumina was c h a r g e d to the f l u o r i n a t o r t h r o u g h a c h a r g i n g 
flange at the top of the d i sengag ing s e c t i o n . The a l u m i n a was f lu idized with 
n i t rogen, and the nickel ba l l s (which s e r v e d as the s u p p o r t bed for the oxide 
pe l le t s ) w e r e d ropped th rough the a l u m i n a to the b o t t o m of the f l u o r i n a t o r . 
F lu id i z ing -gas ve loc i ty was then i n c r e a s e d to 2.2 f t / s e c so that the ox ide 
pe l l e t s that w e r e added next would s ink th rough the a l u m i n a to the n i c k e l -
ball suppor t bed. The d i s t a n c e f rom the c h a r g e p o r t to the top l eve l of the 
pe l le t s was m e a s u r e d to e n s u r e that the p e l l e t s w e r e in p l a c e . Adding p e l ­
le ts to a fluidized bed g r e a t l y d e c r e a s e s the b r e a k a g e that o c c u r s when they 
a r e dropped d i r e c t l y onto the n i c k e l - b a l l bed. The cone and bo t tom 3 in. of 
the f luor ina to r con ta ined the n icke l b a l l s , and the next 13 in. of the f l u o r i n a t o r 
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contained the p e l l e t s . F i g u r e 16 shows the l o c a t i o n s of the nickel ba l l s , 

the p e l l e t s , and the c o n t r o l and ind ica t ing t h e r m o c o u p l e s . The flange c o v e r 

of the c h a r g e p o r t was s e a l e d and l e a k - c h e c k e d a f t e r the p e l l e t s had been 

added and flow of the f luidizing gas was s topped . 

T A B L E 4. Weights of Al^Oj and P e l l e t C h a r g e s to F l u o r i n a t o r 

New AljO, . Reused Al jO, . 

g 

0 .5wt% P u O j - U O j - F . P . , 100% UOj. 

Pu-1 
Pu-2 
P u - 3 A 
PU-3B 

6758a 
3 56' ' 

2578* 
500* 

0 
589 Sb 
5478 
6251 

6532 
8530 
8340 

"Alcoa Tab 6 1 , 48-100 m e s h . 
"Sieve s i z e da ta , s t a r t i n g bed m a t e r i a l . Run P u - 2 : 

Mesh 

+ 25 
-25 +35 
-35 +45 
- 4 5 +60 
-60 +80 
-80 +120 

-120 +170 
-170 +230 
-230 +325 

-325 

5895 
Al 

g Reus 
umina . 
wt % 

0,2 
1.4 

32.8 
20.7 
25.1 
14,3 
2,7 
1 6 
0,7 
0,5 

ed 
3 56 
Add 

1! 
ed. 

31 
68 

"ines 
wt 

5 
5 

% 

6251 g 
C o m p o s i t e . 

wt % 

0 2 
1 3 

30.9 
19.5 
23.7 
13.5 
2 5 
1.5 
2.5 
4.4 

.===» 
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The n i t rogen fluidtzing-gas flow was r e s t a r t e d ^^^ ' f ^ ^ f ^ ^ ^ ^ ^ . „ , 
h e a t e d to the o p e L t i n g t en^pe ra tu re before addi t ion otoxyge^n^and^n^^^^^^ 
;_ r>.._ T-)., 1 D ...^^ tu^ D.iTT. ,rield in the l i r s i run ii"» r in Run P u - 1 . B e c a u s e the PuF^ yield in the _ . „ ^ t „ r the s e c -
m a t e r i a l s (Run P u - 1 ) was poor , the upper p a r t of " ^ ^ ^ ^ ^ ^ ^ ^ ' / ^ ^ ^ i d ^ r a p s 
o n d a r y f i l t e r , and the gas l ine connect ing the f luor ina to r ' « ' ^^ ^ ^ ^ ^ / ^ f 
w e r e Treated with CIF3 before the main f luor inat ion ^ ^ ^ " " % ^ ; : ' ^"^-"^^'' 
Th is had two p u r p o s e s : to r e m o v e m o i s t u r e that m a y '^^^^^"'"^.{^^^^ 
a p p a r a t u s in the charg ing s t ep , and to r e m o v e u r a n i u m (as U F , ) tha t m a y 
have been p r e s e n t f rom the equipment ^^akedown e x p e r i m e n t s . Both 
m o i s t u r e and u r a n i u m compounds can r e a c t with P u F , to fo rm a n o n v o l a -
t i le f luor ide. 

Before the CIF3 t r e a t m e n t , any s o r b e d m o i s t u r e on the p e l l e t s and 
a l u m i n a was r e m o v e d by heat ing the cha rge to 2 50°C for 1 h r wi th n i t r o g e n 
flowing th rough the s y s t e m . The co lumn was then cooled to 3 5 C, and the 
n i t rogen flow was reduced . This n i t rogen b leed s e r v e d as a d i luen t for the 
CIF3 (which was added nea r the top of the f luo r ina to r d i s e n g a g i n g s e c t i o n ) 
and p reven ted CIF3 from diffusing down to the p e l l e t s . Af te r t he s u r f a c e s 
to be t r e a t e d had been hea ted to 100-150°C, CIF3 was added , and i t s con­
cen t r a t ion was i n c r e a s e d from 5 to 80% in five s t e p s of 15 min e a c h , and 
then kept at 80% for l / 2 h r . The m a x i m u m CIF3 f lowra t e was 0.2 sc fm. 
Any U F , produced by r eac t i on with CIF3 was c o l l e c t e d on N a F . P u r g i n g of 
the CIF3 with n i t rogen comple ted the CIF3 t r e a t m e n t , and the p e l l e t s and 
a lumina w e r e next hea ted to the schedu led ox ida t ion and f luo r ina t ion 
t e m p e r a t u r e s . 

Each run c o m p r i s e d t h r e e f luor ina t ion p e r i o d s : a t w o - z o n e ox ida t ion -
f luor inat ion pe r iod , dur ing which the bulk of the U F , was c o l l e c t e d ; a s i n g l e -
zone f luor inat ion pe r iod , ma in ly for comple t ing u r a n i u m r e m o v a l ; and f inal ly, 
a b e d - c l e a n u p f luor inat ion pe r iod , c h a r a c t e r i z e d by to ta l f luor ine r e c y c l e and 
gradua l ly i nc r ea s ing bed t e m p e r a t u r e s , to v o l a t i l i z e t he bulk of the p lu ton ium 
from the a lumina bed. In the two-zone o x i d a t i o n - f l u o r i n a t i o n p e r i o d , oxygen 
di luted with n i t rogen e n t e r e d at the bo t tom of the f l u o r i n a t o r and p a s s e d 
through the oxide pel le t bed. Oxide fines p r o d u c e d w e r e r e a c t e d with fluo­
r ine added through an inlet in the s ide of the f l u o r i n a t o r above t he l eve l of 
the pel le t bed. Since the he igh t of the pe l le t bed d e c r e a s e d as the p e l l e t s 
w e r e oxid ized , lower f luor ine addi t ion poin ts w e r e u s e d , in t u r n , a f t e r about 
8, 40, and 75% of the U F , had been co l l ec t ed . Af te r 85% of the U F , had been 
co l lec ted , the s i n g l e - z o n e f luor ina t ion p e r i o d was s t a r t e d by s topping the 
oxygen flow, adding f luor ine t h r o u g h the b o t t o m in le t , and a l lowing the fluo­
r ine to pass d i r e c t l y th rough the r e m a i n i n g p e l l e t s . At about the s a m e t i m e , 
pa r t of the p r o c e s s g a s - - a l l of which had been leav ing the f luo r ina t ion s y s t e m 
af ter pass ing th rough the f l u o r i n a t o r o n c e - - w a s r e c y c l e d to the f l u o r i n a t o r to 
c o n s e r v e f luor ine . The f luor ine c o n c e n t r a t i o n in th is r e c y c l e gas was in­
c r e a s e d g radua l ly to 80-90%, as the t e m p e r a t u r e in the r e a c t i o n zone p e r ­
mi t t ed . After 100% of the U F , had been c o l l e c t e d (no fur the r weight c h a n g e 
could be noted on the U F , weight r e c o r d e r s . WR. Fig . 6) . the b e d - c l e a n u p 
f luor inat ion p e r i o d was s t a r t e d by i n c r e a s i n g the t e m p e r a t u r e in the f lu id ized 
bed. 
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The fluorine content of the process off-gas was determined by a 
thermal-conductivity cell unit during the one- and two-zone fluorination 
periods. In these periods, the input fluorine concentration was relatively 
low and fluorine consumption was high. Input fluorine to the fluorinator 
was adjusted to give a measurable concentration in the process off-gas. 
The concentration was kept above zero to ensure that enough was being 
fed to react with the oxide, but below about 10% to conserve fluorine. The 
thermal-conductivity unit was calibrated before and after the run with 3 
and 9% standard mixtures of fluorine in nitrogen. 

The UF, and P u F , products were desublimed from the gas s t ream 
on passage through the cold t raps , which were cooled with recirculated 
-60 to -70°C trichloroethylene. After the run, the hexafluorides were 
t ransferred to a storage receiver in the following manner: After evacua­
tion of the chilled cold t raps , the t ransfer line, and the storage cylinder, 
t ransfer was s tar ted by cooling the storage cylinder to -60°C and heating 
the cold traps to about 80°C. P rogress of the t ransfer was monitored by 
noting the weight change on the cold-trap scales . After the t ransfer , liquid 
hexafluoride samples were taken from the storage cylinder, hydrolyzed in 
HN03-A1(N03), and analyzed for uranium and plutonium. 

Solids samples were taken from the fluidized bed, from the dumped 
alumina bed after the run, and from the NaF and activated AI2O3 in the off-
gas trapping system. In all runs, duplicate samples were removed from the 
fluidized bed of alumina at intervals during the plutoniunn-cleanup fluorina­
tion period. In addition, duplicate samples were taken during the one- and 
two-zone fluorination periods in Run Pu-3 . To minimize cross contamina­
tion, the first of the duplicate samples wa^ discarded since it may have 
contained solids from the previous sample. The second sample was reduced 
to a lO-g sample size using a 2- by 2^-in. riffler, then ground to a fine pow­
der suitable for the X-ray analysis, using a motorized mor ta r -pes t l e . The 
dumped alumina bed (approximately 6 kg) was reduced to a lO-g sample in 
two stages using a 10- by 4-in. riffler, then a Z\- by 2-in. riffler; the sam­
ple was then ground to a fine powder. The activated alumina (10 kg) and 
NaF (3 kg) from the process off-gas t raps were riffled with the larger 
riffler to give a 1-kg sample and then coarse-ground with a disk mill . This 
mater ia l was split, using both rifflers, to a 10-g sample, which was ground 
and submitted for analysis. 

7.1.3 Operating Conditions 

Figure 17 shows operating conditions--gas flowrates and concentra­
tions, and nominal tempera tures in the alumina fluidized bed and the pellet 
zone--for all periods in each run. Because of operational difficulties, these 
conditions were different from those planned in some cases . 
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Fig. 17. Opetating Conditions for Rum Pu-1 througli -3B 
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The first run was a baseline run in which uranium fluorination con­
ditions were based on experience gained in processing UO2 pellets in the 
shakedown runs; plutonium fluorination conditions were picked to provide a 
significant decrease in the plutonium content of the bed. 

In the second run, conditions were scheduled so that fluorination 
time could be reduced; oxygen and fluorine flowrates were to be higher than 
in the first run, and the fluorine was to be introduced into the bottom of the 
fluorinator at an ear l ie r time to eliminate a period of low hexafluoride pro­
duction rate . Because of a plug in the oxide pellet bed, which forced a shift 
in the operating procedure, these conditions were not entirely achieved. 

In the third run, the objective was to produce the UF, at a more uni­
form rate. The rate of producing fines (U30g) was lowered by decreasing 
the oxygen flowrate and increasing the temperature gradient in the pellet 
zone. The amount of fluorine available for fluorination was also increased. 

7.1.4 Results and Discussion of Results 

7.1.4.1 Operations. In Run Pu- 1 , oxidation of the pellets and fluorination of 
the U3O8 and PuO^ proceeded smoothly. The pellets oxidized readily; a 400-
450°C gradient was used in the pellet bed until about one-third of the charge 
had reacted; a uniform temperature of 450°C was maintained for the remain­
der of the two-zone reaction period. Fluorine utilization was very high in 
the first few hours , and the fluorine ra te , being limited by the initially in­
stalled orifice-flow measurement system, apparently was not high enough 
for the existing VyO^ fines production ra te , permitting oxide fines to accu­
mulate in the fluidized bed. The oxygen inp^ut rate was reduced gradually 
during the first to fifth hour to limit production of fines. 

After the run, the alumina bed was dumped without difficulty through 
the bottom valve of the fluorinator. No solids agglomeration was evident in 
the dumped bed, and no cakes were found on the fluorinator or filter cham­
ber walls. 

In Run Pu-2 . except for a partial plug, which probably occurred in 
the oxide pellet bed at about 0030 (run time), the operation proceeded 
smoothly. The blockage never stopped the gas flow, but flow was reduced 
because the p ressu re at the inlet of the fluorinator (normally 5 to 10 psig) 
gradually increased to 25 psig. At the time of the partial plug, the tempera­
ture of the pellet bed at a point 3 in. from the bottom of the bed increased to 
510 from 400°C. The nitrogen flow (the oxygen had been turned off) was 
pulsed, and the fines agglomerate was gradually broken up. being complete 
at 0130. To limit fines production in the lower level of the pellet bed, the 
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temperature was reduced from 400 to 350"C. Also, the oxygen flowrate 
was reduced until 60% of the pellets had reacted. 

the fluorine was being consumed during ' ^ ^ . ^ ^ " / %g„ the oxidation and 
Apparently a good balance had not been ^ ^ ' ^ J ^ ^ ' ^ ^ ' r ^ ^ . ^ d e r a b l e quantity 
fluorination rates (fluorine input was deflcient), and a con 
of oxide fines accumulated in the alumina bed without l^^"^ de ec^ed^ In 
creasing the fluorine rate incrementally gave a - " - P ^ ^ ^ ^ ^ f / ^ ' ^ f / Z t ^ ' ^ f ^ r 
productfon rate, but did not result in a fluorine - " - , " - " ^ V ° " : f ^he oxv^e" 
still gave a zero-fluorine indication. Finally, at 0155 (run time), the oxygen 
flow was shut off to stop the production of fines. With the oxygen off and a 
sustained fluorine input, the hexafluoride production rate con inued to aver­
age about 5 Ib/hr for the next 45 min, indicating that about 3 lb of U3O, fines 
had been present and undetected in the bed. Detection might be possible if 
the oxygen content of the process off-gas is measured. The volume of oxy­
gen calculated from this concentration could be compared with the volume 
of oxygen fed to the fluorinator. Since the net effect of the oxygen-fluorine 
reaction with UO^ is to produce oxygen, this increased volume should be 
detected in the process off-gas if the fines are being fluorinated when 
formed. This type of operation should show improvement if the system 
was automated. 

After Run Pu-2, a 475-g soft agglomeration of fines was found on 
the disengaging section wall of the fluorinator where the wall joins the 3-in. 
pipe. In this run. 356 g of mostly -325 mesh fines had t een added to build a 
thicker cake on the filter, so that the cake, on blowback, would drop into the 
fluidized bed. Most of the 356 g of fines was probably in this agglomerate. 
Plutonium content was high (about 20%). 

Operations proceeded smoothly in Runs Pu-3A and -3B. At the end 
of Run Pu-3A, the main portion of the bed dropped freely from the fluori­
nator, but the nickel balls appeared to be cemented together with alumina. 
An agglomerate of about 297 g was removed from the fluorinator after 
Run Pu-3A, but none was found after Run Pu-3B. The 475-g agglomerate 
from Run Pu-2 had been reground and added to Run Pu-3A, and the 297 g 
found in Run Pu-3A was reground and added in Run Pu-3B. 

7.1.4.2 UF, Production Rate and Fluorine Utilization. The UF, production 
rate during the two-zone fluorination period depends pr imari ly on: 

1. Rate of oxidation of the UO^ in the pellets to U3O8 fines. 

2. Rate of transfer of the UjOg fines from the pellet bed zone to 
the fluorination zone above'. 
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3. Temperature of the fluidized bed. 

4. Availability of fluorine. 

The rate is changed also by factors affecting gas-solid mixing--
e.g., gas velocity, solids par t ic le-s ize distribution, and projections (such 
as thermowells) that interfere with fluidization. Also dependent on many 
of these factors is fluorine utilization, which is defined as the ratio of 
fluorine used in producing UF, to that added to the fluorinator. 

Most of the listed factors changed during a fluorination run and 
from one run to the next. Therefore, the UF, production rate and fluorine 
utilization could not be expected to be constant. Table 5 gives average UF, 
production rates and fluorine utilization for the two-zone fluorination step 
of all three runs and for periods in Runs Pu-2 and - 3 . 

T A B L E 5. A v e r a g e a n d H o u r l y U r a n i u m H e x a f l u o r i d e P r o d u c t i o n R a t e s 
a n d F l u o r i n e U t i l i z a t i o n in t h e T w o - z o n e F l u o r i n a t i o n S t e p 

Rl 
I n t e 

0 0 0 0 -
0 1 0 0 . 
0 2 0 0 . 
0 3 0 0 . 
0 4 0 0 -
0 500-
0600-

0 700 . 
0 8 0 0 . 
0 8 0 0 . 
0 9 0 0 -
1000-

1100-
1200-
1300-
1400-
1500-

j n 

r v a l 

•0100 
-0200 
-0300 
• 0 4 0 0 
-0 500 
. 0 6 0 0 

-0700 

-0800 
-0900 
-0910 
-1000 

•1100 

•1200 
•1300 
•1400 
•1500 
•1530 

A v e r a g e 

R u n N u m b e r 

P r o 

I b / h r 

1.21 

2 .01 
4 . 7 1 

1.69 
5.68 
1.81 
2 .52 

1.68 

2 . 3 5 

2 . 6 3 

P u - 1 
P u - 2 
P u - 3 

R u n 

i d u c t i o n R a t e 

l b / ( h r ) ( s q 

2 3 . 6 
39 .2 

9 1 . 8 
32 .9 

110 .7 
3 5 . 3 

4 9 . 1 
32 .7 

4 5 . 8 

51 .2 

P u -

ft) 

P r o d u c t i o n 
l b / ( h r ) ( s q 

41 

51 
2 4 

2 

F l u o r i n e 
U t i l i z a t i o n , 

32 

52 
9 5 
36 

102 

80 
80 
6 4 

54 

66 

R a t e 

ft) 

% 

« 

P r o 

I b / h r 

0 . 2 5 

0 . 8 5 
2 . 6 4 
2 . 3 4 

1.06 
2 . 3 2 
0 . 7 3 
1.28 
1.08 

1.01 
0 . 9 6 
1 .24 
1 .03 
0 . 6 7 
0 . 7 8 
0 . 4 4 

1.22 

F l u o r i n e 
U t i l i z a t i o n . 

~ 5 5 

66 
26 

R u n 

d u c t i o n R a t e 

l b / ( h r ) ( 8 q 

5 

17 
52 
46 
21 

4 5 
14 
2 5 
21 

20 
19 
2 4 
20 
13 
15 

9 

24 

% 

P u ­

tt) 

3 

F l u o r i n e 
U t i l i z a t i o n . % 

7 

21 
52 
56 
20 

4 3 
15 
2 8 
21 

19 
20 
28 
2 3 
21 
26 
19 

26 

In Run P u - 1 , a baseline run, the two-zone fluorination period lasted 
8 h r , and the average UF, production rate and fluorine utilization were 
41 lb/(hr)(sq ft) and 55%, respectively. The fluidized-bed temperature 
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was kept at 450°C, and the oxide pellet bed at a 400-450°C gradient for the 
initial 3 hr, and then at 450°C for the remaining 5 hr. 

In Run Pu-2, the aim was to decrease the overall processing t ime 
for the two-zone period and thus increase both the production rate and the 
fluorine utilization. The plan had to be revised and the oxygen and fluorine 
input rates reduced because a partial plug in the pellet bed resulted m high 
pressures in the fluorinator inlet gas line. Apparently. U3O8 fines accumu­
lated in the interstices of the pellets and were not transported to the fluori­
nation zone. The input nitrogen was pulsed until p ressure at the fluorinator 
inlet decreased, indicating that the UjOg plug had been eliminated. Normal 
two-zone operations were then resumed. The production rate was 51.2 lb/ 
(hr)(sq ft), about 20% higher than in the flrst run, and the fluorine efficiency 
was about 66%. compared to 55% in the first run. 

The aim in the third fluorination run was to make the UF, production 
rate uniform without being concerned about achieving either high production 
rates or high fluorine efficiencies. A lower production rate was achieved by 
decreasing the amount of oxygen and by increasing the temperature gradient 
across the pellet bed. The fluorine flowrate was also correspondingly re ­
duced. As expected, the UF, production rate and fluorine efficiencies were 
lower than in the other runs. A uniform production rate was not achieved, 
as can be seen in Figs. 18 and 19, which show the UF, production rates in 
Runs Pu-2 and -3 , respectively. Smooth production rates may be difficult 
to achieve in the two-zone process unless fines movement from the pellet 
bed to the fluorination zone and the amount of fines in the zone can be 
measured. 

P (2) O ® P 
FLLWRINE ADDED TO FLUORINATOR THROUGH. 

I SIDE INLET, TOP 
2 SIDE INLET. MIDDLE 
S SIDE INLET. BOTTOM 
4 BOTTOM INLET 

? ? 
FLUOfiINC ADDED TO FLUORMATOR THROUGH. 

' SIDE INLET. TOR 
Z SIDE INLET. MIDDLE 
3 SIDE INLET. BOTTOM 
4 BOTTOM INLET 

RUN TIME, r̂  

Fig. 18. UFg Production Rate for Run Pu-2 Fig. 19. UFg Production Rate for Run Pu-3 

^•^•^•^ The Lower P lu ton ium F l u o r i n a t i o n R a t e Re l a t i ve to U r a n i u m . In 
concu r r en t ox ida t ion- f luor ina t ion of u r a n i u m - p l u t o n i u m oxides in Runs P u - 1 
through - 3 , the oxide fines leaving the ox ida t ion zone p a s s e d into the fluori­
nation zone, whe re they w e r e fluorinated. Ana ly t i ca l da ta on s a m p l e s r e ­
moved from the f luor ina t ion zone soon-a f te r the s t a r t of the bed c l eanup 
s tep show that the u r a n i u m was p r e f e r e n t i a l l y f luor ina ted f rom the bed. 
F r o m 21 to 37% of the p lu ton ium and only 0 .1% or l e s s of the u r a n i u m 
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charged was present in the bed at the s tar t of the cleanup period, as shown 
in Table 6. As indicated ear l ie r , concentrations in these samples are not 
true bed compositions, although they should reflect the ratio of uranium to 
plutonium in the bed. 

TABLE 6. Preferent ial Fluorination of Uranium from Fluorinator 

Run 

Pu-1 
Pu-2 
Pu-3 

U, Pu in 
Charged 

Bed 
to 

Fluorinator, g 

U 

7757 
7757 
7757 

P u 

29.5 
43.9 
40.1 

U, Pu in 
Bed Sample 
Shortly after 

Start of 
Plutonium 

Cleanup Step, g 

U Pu 

3.1 10.8 
4.6 4.6 
2.6 2.6 

Percent of 
Charged 
Amount 

Remaining 
in Bed 

U Pu 

0.04 37 
0.06 36 
0.03 21 

Two factors may account for the slower removal of plutonium from 
the bed: 

1. A large equilibrium amount of fluorine is required to fluorinate 
the plutonium. For example, at 500°C, 100 moles of fluorine per mole of 
plutonium is required; even more fluorine is required at lower tempera­
tures . The available fluorine reacts with the uranium present , leaving little 
for reaction with the plutonium. 

2. P u F , is a good fluorination agent. Soon after its formation, it 
might react with uranium compounds in the bed and be reduced by this 
mechanism. 

Consequently, the fluorination might be split into two periods to ob­
tain a uranium concentrate during the first period and a plutonium concen­
t ra te during the second period. 

7.1.4.4 Uranium and Plutonium Removal from the Bed. Nearly complete r e ­
moval of plutonium from the final alumina bed of the fluorinator is des i rable , 
since the bed is discarded as process waste. Removal data for uranium and 
plutonium (Tables 7 and 8, respectively) show that 98.7% of the plutonium and 
greater than 99.9% of the uranium were removed from the bed. Not all the 
plutonium removed was volatilized as the hexafluoride from the fluorinator 
and collected as product. Some plutonium (as PUF4) was contained in samples 
removed from the bed. in solids from cleanout of the equipment, in cakes, and in 
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filter coatings. (See Fig. 32 for amount and location of nonvolatilized plu­
tonium.) Most of this Plutonium is recoverable. The alumina bed contained 
3.1 g of Plutonium (97.1% removal) at the end of Run Pu-3B, the last run in 
this se r ies . Part of this bed was refluorinated for an additional 12 hr at a 
maximum temperature of 550°C in a 2-in.-dia fluorinator. The final pluto­
nium content (calculated for the total bed) was 1.3 g or an overall removal 
of 98.7% of the plutonium charged for all runs. 

R u n 

Pu-1 
P u - 2 
Pu-3A 
Pu-3B 

TABLE 7. Uranium Removal from 

Uranium Charged, g 

In Pe l l e l sS 

7634 
8360 
7206 

0 

F r o m 
Prev ious Run" Total 

0 7634 
12 8372 
4 7210 

201 201 

Fluorinat ion 

Uranium in 
Final Bed. g 

12 
1 

195 
1 

Be 

R 

:d: Runs 

emoved i 
Run, % 

99.8 
>99 .9 

97.3 
99.5 

P L 

in 

1-1. -

C 

c 
Urai 

2. -3A, and - 3 B -

umula t ive R e m o v a l Data 

umula t ive 
nium C h a r g e 
P e l l e t s . g 

7634 
16006 
23216 
23216 

Cumulative 
R e m o v a l , % 

99.8 
> 9 9 . 9 

99.1 
> 9 9 . 9 

^Pe l l e t s assumed to contain 0.49 wt % PuOj . I. 5 wt % fission p roduc t s , and the r e m a i n d e r UO^. 
In bed of previous run, plus ground caked solid. 

R u n 

Pu-1 
Pu-2 
Pu-3A 
Pu-3B 

2- in . -d ia 
reac tor 

TABLE 8. Plutonium Removal from 

Plutonium Charged, g 

In Pe l le t s Prev ious Run Total 

29.5^ 0 29.5 
37.5'= 6.5 44.0 
35.2^ 4.9 40.1 
0 13.2= 13.2 

Fluor inat ion 

Final Bed. 

6 . 5 
2 . 2 

12.6 
3.1 

1.3 

B e d 

g 

: Runs Pu - 1 . 

• 

Run. % 

7 8 

9 5 

6 9 
6 7 

- 2 . -3A, and -

Cumula t ive R 

Cumula t ive 
P lu ton ium 
C h a r g e in 
P e l l e t s . g 

29.5 
67.0 

102.2 
102.2 
102.2 

3 3 

etnoval Data 

Cumula t ive 
Remova l . % 

77.3 
96.2 
87.7 
97.1 
98.7 

Data from the fuel suppl ier and our analytical group. 
' 'Data from our analytical group. 
^Bed plus ground caked solid. 

Reuse of the bed in batch processing would be desirable, since the 
volume discarded as waste would be reduced. Reuse is limited by the F P 
heat generated in the bed by the nonvolatile fission products remaining in the 
bed after fluorination. Use may have to be limited to three batches, as in 
these experiments. 

The analytical data for all dumped-bed samples, presented in Table 9, 
show that there is better agreement in the results of samples from the same ' 
split than in the results of samples from different splits. To obtain these 
samples, the dumped-bed material was-first riffled to obtain a 10- to 15-g 
portion, from which at least two samples were removed for analysis. The 
riffled-solids fractions were recombined, and the solids again riffled to 
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ob ta in a n o t h e r 10- to 15-g p o r t i o n f rom which two s a m p l e s w e r e r e m o v e d . 
T h i s p r o c e d u r e was r e p e a t e d to ob ta in s a m p l e s for the t h i r d sp l i t . 

T A B L E 9. A n a l y t i c a l Da ta for F ina l F l u i d i z e d - b e d S a m p l e s 
and D u m p e d - b e d S a m p l e s 

F ina l 
D u m p e d - b e d S a m p l e F l u i d i z e d - b e d 

Spli t S a m p l e S a m p l e 

Run No. No. % P u % U % Pu % U 

P u - 1 1 1 0 .115 0.29 0.025 0.039 
1 2 
2 1 
2 2 
2 3 
3 1 

P u - 2 1 I 0.032 0.024 0.030 0.016 
1 2 

0 .115 
0 .130 
0 .087 

0 .085 
0.090 
0 .096 

0 .032 

0 .040 

0 .220 
0 .224 
0.211'= 

0.209'= 

0 .0596 
0 .0605 
0 .0644 
0 .0603 

0.29 
0 .31 
0 .16 
0 .17 
0.17 
0 .089 

0 .024 

0 .023 

2.12^1 
3.34 

3.18 
3.18 

0 .0262 
0 .0271 

. 0 .0256 
0 .0243 

P u - 3 A I I 0.220 2 .12 ' ' 0.040 0.018 
1 2 
2 1 
2 2 

P u - 3 B I I 0.0596 0.0262 0.042 0.0282 
1 2 
2 I 
2 2 

^ T a k e n wi thin 5 m i n of end of run . 
' ' C o l o r i m e t r i c m e t h o d ; o t h e r r e s u l t s ob ta ined by fluorometric 

m e t h o d s . 
' -Liquid s c i n t i l l a t i o n m e t h o d ; o t h e r r e s u l t s ob ta ined by X - r a y 

s p e c t r o g r a p h i c ine thod . 

7 .1 .4 .5 P l u t o n i u m and U r a n i u m C o n c e n t r a t i o n s in the F lu id i zed Bed du r ing 
the B e d - c l e a n u p F l u o r i n a t i o n P e r i o d . Sol ids s a m p l e s w e r e r e m o v e d f rom 
the f lu idized bed du r ing the p lu ton ium c l eanup po r t i on of al l r uns and du r ing 
the t w o - z o n e o x i d a t i o n - f l u o r i n a t i o n s t e p in Run P u - 3 A . The r e s u l t s of the 
p lu ton ium and u r a n i u m a n a l y s e s a r e p lo t ted aga ins t t i m e in F i g s . 20 and 2 1 , 
r e s p e c t i v e l y . 

T h e above da t a m a y be usefu l for showing a t r e n d , but m i s l e a d i n g 
r e s u l t s m a y be ob ta ined if p r o d u c t i o n r a t e s and fluorine e f f i c ienc ies a r e 
c a l c u l a t e d f r o m the da t a . Da ta f r o m l a t e r e x p e r i m e n t s , p r e s e n t e d in 
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Sect ion 7 .2 .4 .3 , ind ica te that the ac t in ide concen t r a t i ons in the ana lyzed 
s a m p l e s a r e p robab ly not the t r u e bed concen t ra t ions (the bed is not h o m o ­
geneous) and that o the r f a c t o r s , such as the f luor inat ion of p lu ton ium f r o m 
a wall s u r f a c e above the bed, con t r ibu te to the p roduc t ion r a t e and f l uo r ine 
eff iciency. Only at the end of the run, when the a lumina bed was d u m p e d , 
could the plutonium contents of the bed and the final f lu id ized-bed s a m p l e 
be c o m p a r e d . In all c a s e s , the concen t ra t ions in the d u m p e d - b e d s a m p l e s 
w e r e h ighe r than in the final f luidized-bed s a m p l e s . Whether th is is a r e ­
sult of fines from the upper disengaging and f i l ter a r e a s d ropp ing onto the 
a lumina bed after the gas flow had stopped or a s a m p l e being t aken f r o m a 
nonhomogeneous fluidized bed cannot be d e t e r m i n e d f rom ou r d a t a . 

—' 1 > J — T — r — ' — 1 — ' — I — I — 
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Fig. 20. Plutonium Concentration in Samples Removed from Fluidized 
and Dumped Beds.- Runs Pu-1, -2, -3A. and -3B 
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7.1.4.6 Pa r t i c l e - s i ze Changes in Alumina Fluidized Bed during Fluorina­
tion Runs. For satisfactory fluidized-bed operations, the size distribution 
of the bed part icles should not change radically with t ime. Change is ex­
pected, however. Sieving data (Table 10) show that particle growth occurred 
in the first, but not in succeeding, fluorination runs. During Run Pu-2, there 
was little change in the par t ic le-s ize distribution, except that fewer - 1 70 mesh 
fines were found in the final bed as a result of a cake formed of the fines 
added at the s tar t of the run. In Runs Pu-3A and -3B. there was little change 
in par t ic le-s ize distribution, although there was an increase in -230 mesh 
mater ia l in Run Pu-3A, for which there is no explanation. Although the bed 
was reused in successive runs, the par t ic le-s ize distribution in the final bed 
cannot be compared directly with that of the starting bed (next run), since 
(l) alumina was added to the final beds to replace that removed in samples 
and (2) after Run P u - 1 , alumina fines were added to the bed. 

TABLE 10. Particle-siie Distribution ot BtH Sampiev wl t 

Meth Slie 
FUngc 

Run Run Run 
Pu-1 Pu-1 Pu-?* 

Stirtinq Final Starting 

Run 
Pu-Z Run Run Run Run Run Run Run Run 

Bed alter Pu-2 Pu-3A Pu-3A, Pu-3A. Pu-3*. Pu-3A. Pu-3*, Pu-3A. 
CIFj Final Starting Sample 6 Sample 10 Sample 14 Sample 26 Sample 46 Sample 52 

Treatment Bed Bed al C622 hr at 1121 hr at )6M hr at 2\\6 hr at 2730 hr al 300 hr 

Run Run Run 
Pu-M Pu-Je Pu'je 
Final Starting Final 
BM BM Bad 

•25 

-25*35 

-35*45 

-45*60 

-60*80 

-80*120 

-120*170 

-170*230 

-230 '325 

-325 

p Bulk. 

9/cc 

p PKt. 
g/cc 

0.2 

l.J 

».9 

H.S 

21.1 

13.5 

2.i 

l.i 

0 

0.7 

«.» 
21.0 

Z6.3 

17,9 

i.l 

O.J 

06 

07 

».! 
ia.> 

21.1 

1S.3 

3.4 

0.9 

0.4 

0.5 

20.8 

14.9 

J7.0 

20.1 

3.7 

07 

t 
22.7 

1 
20.4 

11.3 

20.0 

t 
5,1 

t 
23.9 

1 
21.S 

29,9 

18.4 

t 
5.8 

t 
32.4 

1 
21.9 

24.3 

16.1 

1 
4.9 

t 20.3 

i 
17.6 

274 

23.2 

t 
11.2 

1 
03 

04 

09 

21.2 

15.6 

347 

119 

4.3 

1.2 

1,8 

1,0 

08 a7 
06 

2ao 
16L8 

311 

14.8 

4.1 

1.3 

16 

49 

a6 
ia5 
16.1 

H9 

16.0 

4.1 

12 

3.4 

4.5 

04 

'Cilculitfld nlu«s. 

Changes in par t ic le-s ize distribution in samples removed from the 
fluidized bed during the run (Table 9) are difficult to interpret , because the 
fluidizing-gas velocity was not constant during the runs. Higher gas veloc­
ity would elutriate more fines from the bed, leaving a coarser mixture. A 
change in par t ic le-s ize distribution was indicated for samples 14 and 26. 
apparently because the gas velocities were different. The decrease in fines 
concentration after sample 26 may have been due to gradually increasing 
gas velocities near the end of the run when the temperature was being in­
creased with a constant gas throughput. 

7.1.4.7 F.P. Accountability. Most of the added fission products form non­
volatile fluorides, which remain in the fluorinator alumina bed. The behav­
ior of the volatile F .P . fluorides is of interest , since they represent product 
contaminants and must be separated from the UF^ and PuF^. 
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w » H f i ss ion p r o d u c t s - - m o l y b -
Good accountab i l i ty for two of the s i m u l a t e a i ^ ^ ^ ^ ^ . ^ ^ ^ ^ j . ^Quid not be 

denum and r u t h e n i u m - - t h a t w e r e vo la t i l i zed from the ^ ^ ^ ^ ^^^^ ^^^ l o w e r 
ach ieved , b e c a u s e the concen t r a t i on leve ls in «^™P'^ ^^^ i n f o r m a t i o n 
l i m i t s of the ana ly t i ca l m e t h o d s . However , s o m e d i s t r i b u 

was obta ined. 

S m c e the hexaf luor ide p roduc t ^ ^ m the ^ u o r m a t i o n runs s^erv^^^^ 

the feed m a t e r i a l in the t h e r m a l - d e c o m p o s i t i o n ex - e n ^ ^ , ^ ^^^^^_^^^_ 

da ta a r e for both the f luor inat ion ^^^'^^^l^^fj^^^.l, , „ d o t h e r f l u o r i d e s 
After each oxide f luor inat ion, the act inide h e x a l l u o r i a s e o a r a t e 

that had been co l lec ted in the cold t r a p s w e r e v / P ° - * ; ^ " ^ ^ . ^ / / . ^ V r J a l 
hexaf luor ide produc t po t s , which s e r v e d as ^eed c y l i n d e r s for the 1 
decompos i t ion e x p e r i m e n t s . In the l a t t e r - P e r ^ m e n t s . H u o r i d e s w e r e fed 
into a hea ted a lumina bed, and the P u F , d e c o m p o s e d to P u F , . N o n d e c o m -
posed f luor ides p a s s e d through the bed and w e r e co l l ec t ed in the n u o r i n a t i o n -
s y s t e m cold t r a p s and l a t e r t r a n s f e r r e d to ano the r c y l i n d e r . Af te r the final 
e x p e r i m e n t in the s e r i e s , all the v e s s e l s and piping w e r e fluorinated to r e ­
cover PuF4 and o ther depos i ted compounds . (This o p e r a t i o n is r e f e r r e d to 
as the equipment c leanup fluorination s t ep , which is d i s t i n c t f r o m the b e d -
cleanup fluorination s tep conducted as pa r t of each fluorination e x p e r i m e n t . ) 

Based on ana lyses of s e l ec t ed s a m p l e s , the following w e r e found for 

molybdenum: 

1. L e s s than 6% (l imit of de tec tab i l i t y ) r e m a i n e d in the final bed 
of the fluorinator. 

2. About o n e - t h i r d was co l l ec ted du r ing p l u t o n i u m c l e a n u p of the 
equipment and hexaf luor ide c o n t a i n e r s , and of t h i s o n e - t h i r d , m o s t (about 
70%) was col lected from the cold t r a p s . 

This sugges t s two p o s s i b i l i t i e s : 

nonvolat i le fluoride by r eac t i on with m e t a l or a n o t h e r compound . Th i s r e ­
duced compound was r e f luo r ina t ed du r ing the e q u i p m e n t - c l e a n u p f l u o r i n a ­
tion s t ep , or 

b. A h igh-boi l ing compound (an oxyf luor ide o r M0F5) was 
formed in the fluorination s t ep and c o l l e c t e d in the cold t r a p s , but did not 
t r a n s f e r with the UF(, and PuFj , at 80°C. T h i s compound was e v e n t u a l l y 
r e c o v e r e d when the cold t r a p s w e r e h e a t e d to 300°C du r ing the p lu ton ium 
cleanup s t ep . 

3. Most of the m o l y b d e n u m was c o l l e c t e d in the o v e r h e a d UF^ 
product of the t h e r m a l - d e c o m p o s i t i o n r u n s . T h i s s u g g e s t s that m a i n l y 
MoFj was formed dur ing the fluorination of the oxide f ines . 
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For ruthenium, the following were found: 

1. Approximately 3% was found in the final alumina bed removed 
from the fluorinator. 

2. About 20% (±50%) was found in the UF(, product of the thermal-
decomposition step. 

3. About 10% was collected during the refluorination of equipment. 
About four-fifths of this was from cold-trap equipment, and the remainder 
from the hexafluoride feed cylinders used in the thermal-decomposition 
runs. 

4. Detectable amounts were found in samples of the alumina and 
NaF process off-gas t raps . 

5. None was detected in the unfed hexafluoride in the feed cylin­
ders for the thermal-decomposit ion runs (limit of detection 1% of the 
ruthenium charged, as for the pellets). 

6. The decomposer bed contained less than 0.01% of the ruthe­
nium charged. 

The percentage figures a re based on the assumption that the pellets 
contained the specified concentration of ruthenium. Our own analytical 
data suggest that only half the specified quantity was present; on this bas is , 
the percentages given above should be doubled. The general behavior of 
ruthenium was s imi lar to that for molybdenum: (1) The bulk of the ruthe­
nium formed a volatile compound and was transported to the primary cold 
traps with the UF(, and PuF , , and (2) the bulk of the volatile ruthenium 
material remained with the UFj through the thermal-decomposit ion step, 
affording Sonne degree of decontamination of the plutonium product. 

7.2 P u F , Fluorination Runs 

7.2.1 Introduction 

In view of the poor P u F , yield results in the initial set of experi­
ments on plutonium-bearing mater ia ls (see Section 10), a set of fluorination 
experiments was planned specifically to demonstrate high plutonium re ­
covery. The experiments were conducted with mainly PuF , as the charged 
material in an alumina bed, but can be considered as a simulation of the 
plutonium-recovery step of the interhalogen flowsheet. The objectives of 
these experiments were: (1) to demonstrate that plutonium could be vola­
tilized quantitatively from the fluorinator, (2) to demonstrate that sat isfac­
tory mater ia l balances could be obtained, and (3) to obtain data on P u F , 
fluorination rates and fluorine efficiency. 
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F o u r fluorination runs were m 
a d e - - P u - 6 , - 1 0 , - l l . a n d - 1 3 A 

f luor ina t ion but only " - : — . . . ( . . - .5 "••--•-'••:ii-ro;::r;."."«."HX..; i n a c h a r g e w i t h n i t r o g e 

u r wa= e l u t r i a t e d r a t h e r q u i c k l y f r o m t h e b e d a n d d e p o s 
o r o n o t h e r u p p e r s u r f a c e s of t h e r e a c t o r . T h e m o v e m e n t of t h e P u F , w a s 

f o l l o w e d w i t h n e u t r o n s u r v e y m e t e r s , a n d by a n a l y s i s of b e d g r a b s a m p l e s . 

A p p e n d i x D d i s c u s s e s t h e p r o c e d u r e a n d r e s u l t s o b t a i n e d in t h i s r u n , 

w h i c h i l l u s t r a t e s t h e p o t e n t i a l of t h e n e u t r o n 

a p p l i c a t i o n s . 

on s u r v e y m e t e r i n s u c h 

In a d d i t i o n , t h e f e a s i b i l i t y of t r a n s p o r t i n g P u F , f r o m t h e m a i n p r o c ­

e s s c o l d t r a p s t o a s e c o n d , s m a l l e r p r o d u c t r e c e i v e r w a s e x a m i n e d i n t h r e e 

e x p e r i m e n t s - - U - 7 , U - 8 , a n d P u - 9 . R u n s U - 7 a n d - 8 w e r e m a d e f i r s t u s i n g 

U F , a s a s t a n d - i n fo r t h e P u F , , a n d t h e n R u n P u - 9 w a s m a d e w i t h P u F , 

a l o n e . T h e t r a n s f e r e x p e r i m e n t s a r e d i s c u s s e d in A p p e n d i x C . 

7 .2 .2 P u F , P r o p e r t i e s 

T h e P u F , p o w d e r , m o s t l y l e s s t h a n - 3 2 5 m e s h , w a s of h i g h p u r i t y . 

M i c r o p h o t o g r a p h s s h o w e d t h a t t h e i n d i v i d u a l p a r t i c l e s w e r e a b o u t 4 p. i n 

d i a m e t e r , a l t h o u g h a f ew a g g l o m e r a t e s a s l a r g e a s 100 p, w e r e p r e s e n t . 

A n a l y t i c a l a n d s i e v e s i z e d a t a a r e g i v e n in T a b l e s 11 a n d 1 2 . 

TABLE I I . I m p u r i t y and I so top ic A n a l y s e s of P u F , 

S p e c t r o g r a p h i c Ana lys i s ( pa r t s p e r m i l l i o n p a r t s of p l u t o n i u m ) 

Ag Al As ^ ^ ^ i Ca Ctl C£ Cu Fe Ge K Li Mg 

1 20 - - - - 50 - 5 1 130 - 20 - 20 

M o Min ^ ^ ^ ' ^ ^ S r \ T \ _ y _ Z n T i C w t % P u 

10 100 50 - 5 21 2 - - - 20 205 74.8 

I so top ic Ana lys i s by M a s s S p e c t r o n i e t e r , wt % 

239 240 241 242 

90.948 8.183 0.830 0.039 

T A B L E 12. S c r e e n A n a l y s i s of PUi ton ium T e t r a Q u o r i d c 
Used in Runs P u - 6 . - LO. - 1 1 . - 12. and - 1 3 

USS Sieve Size wt % Sol ids on S ieve 

+ 170 
•170 +230 

1.9 
2.2 

USS S ieve Si/.e wl To So l ids on S i eve 

-230 +325 
-325 

2.2 
93.7 
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7.2.3 Operating Conditions and Procedure 

7.2.3.1 Charging of Mater ia ls and Conditioning of Alumina. Before the 
charging of the ma te r i a l s , the entire system was checked for leaks as in 
the ear l ier runs using the cri ter ion given in Appendix B. The nickel balls 
and alumina charge were then added to the fluorinator, using the proce­
dure described in Section 7.1.2. For three of the four runs (Pu-6, - 1 1 , 
and -13) a fresh bed of AI2O3 was charged; in the fourth run (Pu-10), the 
bed from Run Pu-6 was reused. The fresh charges of Al^Oj were condi­
tioned by passing 90% fluorine through the AI2O3 for 24 hr at 450°C in 
Runs Pu-6 and - 1 1 , and for 4 hr at 550°C in Run 13. The PuF, charge was 
dumped on top of the Al^O^ in Runs Pu-6 , - 1 1 , and -13; in Run Pu- 10, the 
PuF , was mixed with the reused bed of Run Pu-6 and then charged. The 
reactor was sealed and again leak-checked just before fluorination. 

7.2.3.2 Operating Conditions and Procedures for Fluorination Runs. The 
operating conditions for the four fluorination runs are listed in Table 13. 
The starting procedure differed slightly, but in all runs, gas with a high 
concentration of fluorine was recycled through the PuF,-Al203 bed. and 
the PuF , that formed was collected by direct sorption on NaF or by desub-
limation in cold t r aps . To begin Runs Pu-10 and -13, the PuF,-Al203 bed 
was heated to the starting fluorination temperature with nitrogen circulat­
ing through the bed. Then fluorine was added to the recycle gas s tream. 
The concentration of fluorine in the recycle s t ream was increased gradu­
ally. To begin Runs Pu-6 and - 1 1 , the entire system was evacuated when 
the desired starting bed temperature was reached (200°C in Pu-6 , and 
100°C in Pu-11). The system was then filled with fluorine, and the gas r e ­
cycle pump was next started. In Run Pu-11 , after the gas recycle pump 
was started, the tempera ture was increased as rapidly as possible to 200°C. 

The P u F , product was sorbed directly on NaF in Run Pu-6 and de-
sublimed from the gas streann in the cold t raps in the other three runs. 
The collection of P u F , was monitored with a neutron survey meter , in­
creased activity (neutron emission rate) indicating accumulation of PuF, . 
Character is t ic of all runs, the neutron count rate diminished and finally 
plateaued for each tempera ture setting, indicating a cessation in the pro­
duction and collection of P u F , When the count rate leveled, the fluorina­
tion tempera ture was increased 25°C. An almost immediate response (an 
increased neutron count rate) was noted, indicating that additional P u F , 
was being produced and accumulated. Essentially the same t ime-
temperature cycles were used for Runs Pu-6 and -11 . The same technique 
was used for Run Pu-13 . but the time sequence varied somewhat from the 
above. For Run Pu-10, a more a rb i t ra ry , shorter t ime- tempera ture cycle 
was used in exploring the effect of this variable on overall plutonium 
recovery. 
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T A B L E 13. Opera t ing Condit ions for Runs P u - 6 , - 1 0 . - 1 1 . a"d - ' 5 

Cha rge 

Weight of AljOj (48-100 mesh) 
before p r e t r e a t m e n t with F ; , g 

P u F , 

t J F , , g 

C s F . g 

g 

Run P u - 6 

6751 

134.2 

0 

0 

4848^ 

138.0 

41.5 

41.8 

R , „ p , . 1 0 R u n P u - I l R u n _ P u ^ 3 

6758 

135.4 

0 

39.2 

6258 

137.7 

0 

0 

Total scfm (90 vol % Fj in Ni) 

Makeup F2, scfm 

Superf ic ia l f lu idiz ing-gas v e l o c ­
ity for t e m p e r a t u r e range 300-
550°C. f t / s e c 

Hours at Stated Bed T e m p e r a t u r e . ° C 

-0 .29 

0.1 

0.2-0.28 

- 0 . 1 

0.1 

0 .86-1 .21 

- 0 . 1 

0.1 

200 
225 
250 
275 
300 
325 
3 50 
375 
400 
42 5 
450 
47 5 
500 
52 5 
550 

Hours at 

- 1 2 5 ' 

Stated F: 

'C 

Liter 

I n c r e a s i n g to — 300 

300 "C 

T e m p e r a t u r e 

°C 

3.5 
2.0 
1.5 
1.5 
1.5 

1.5 
1.5 
3.0 
2.0 
2.0 
2.0 

2 .5 

25.0 

27.5 

4.5 

17.5 

3.0 

5.0 

6.0 

7.0 

1.0 

6.0 

3.5 
2.0 
1.5 
1.5 
1.5 
1.5 
1.5 
3.0 
2.0 

2.0 
4 .5 

2.5 

25.0 

30.0 

4.5 

17.5 

- 0 . 8 

0.1 

4.0 
6.0 
3.6 
1.6 
1.2 
1.6 
0 .5 
0 .8 
0 .5 
0 .8 
0 .5 
0 .5 
0 
1.5 
5.2 

^The final bed from Run P u - 6 was r eused as the s t a r t i n g bed for th i s run . 

After the fluorination step in Runs Pu-11 and -13 , the P u F , collected 
in the cold traps was transferred in a s t ream of inert gas into smaller 
(weighable) chilled containers to determine yield. In Run Pu-10, the P u F , 
was inadvertently transferred to sorbent NaF, which was then analyzed. 

To recover a greater overall fraction of each plutonium charge as 
PuF, during a given run, the temperature of the filter zones was increased 
from the normal operating temperature (125°C) to 300°C to fluorinate any 
PuF, in this region. Earlier experience indicated some accumulation of 
PuF, (perhaps equivalent to 10% of a charge) occurred there. Fluorination 
of the filter zone was started when fluorination of the bed was essentially 
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complete (e.g., after 27.5 hr of fluorination in Run Pu-6). To remove still 
further plutonium from the bed, however, the bed was kept at the final oper­
ating temperature (550°C) while the filter-zone plutonium-removal step was 
being completed. The fil ter-zone fluorination time was shorter in Run Pu-10 
(6 hr) than in Runs Pu-6 and -11 (17.5 hr) . In Run Pu- 13, filter cleanup was 
conducted separately from the cleanup of all lines and equipment that had 
been exposed to PuF , . 

Duplicate samples were removed from the fluidized bed during each 
run, but only the second sample of the duplicate was analyzed. The first 
sample was considered to have purged the sample lines of residual solids. 
After a run, the bed was dumped and sampled using the riffler-splitting 
technique. 

7.2.3.3 Transfer of PuF, . In Runs Pu-10 and - 1 3, the PuF , collected in the 
cold traps was iner t -gas t ransfer red to a 2.5-in.-dia, lO-in.-high product 
container. The system was s imilar to the system (described in Appendix C) 
in which UF, was t ransferred . The gas train included, in s e r i e s , cold t raps , 
the product container, the backup NaF t rap, and the process NaF t rap. Ni­
trogen gas at 2 scfh was passed through the train, and the trichloroethylene 
coolant, circulating through the cold traps at -60°C, was gradually warmed 
to 70°C. The skin heaters on the cold t raps were also turned on to improve 
the rate of t ransfer . The product container was chilled to about -78°C with 
a tr ichloroethylene-dry ice slush mixture. After transfer was connpleted, 
the container was evacuated, removed, allowed to warm up, and then weighed. 
The NaF was dumped and sampled for plutonium content. 

7.2.3.4 Recovery of Deposited Plutonium f»om Equipment after Run Pu-13. 
For mater ia l -balance purposes, parts of the system that ' saw" plutonium 
and possibly contained plutonium deposits were treated with fluorine at 
300°C; any recovered P u F , was sorbed on NaF. Procedure and data on the 
equipment-cleanup fluorination step are discussed in Section 9 of this report . 

7.2.4 Results and Discussion of Results 

7.2.4.1 Operating Experience. Operating experience was good in these runs, 
but a few problems developed that had not been encountered ear l ie r , such as 
difficulty in starting the fluidizing gas through the bed, sticking of check 
valves in the recycle gas pump, and a filter burnout. The fluidizing-gas 
flow problem, one of not being able to pass gas through the bed except at 
very high fo repressures , was encountered in Run Pu-6 . In this run, the 
system, with the bed at 200''C, had been evacuated and refilled with fluorine. 
During the evacuation step, some solids from the bed may have been sucked 
into the fluorinator inlet gas line, forming a partial plug, which limited the 
gas flow. A p ressure of 30 psig finally dislodged this plug. 

When the pump check valves stuck, gas flow through the reactor v i r ­
tually stopped. To correc t the problem, the pump was isolated by valving; 
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meanwhi l e , fluidization was continued with o n c e - t h r o u g h - " - " g - ; ^ ^ " / '*^" 
TV,̂  r h e r k va lves w e r e r e m o v e a , 

bed was main ta ined at t e m p e r a t u r e . The cnecK v<i ff„^pH b e f o r e 
c leaned , and r e in s t aUed . O v e r a l l , only a 2 - h r delay was su f fe red , b e f o r e 

fluorination was r e s u m e d . 

Examina t ion of the fluorinator fUters af ter Run P u - 1 1 d i - l o s e d 
that they had faUed. One of the fflters showed ev idence of " - . • ^ ^ ^ ^ - ^ " " " " ^ 
r e a c t i o n - - a heavy fluoride s ca l e and two holes (each about l - in^ in d i a m ­
e t e r ) , with evidence of nickel mel t ing . The o the r f i l ter was in b e t t e r c o n ­
di t ion, although two sma l l holes w e r e found. Both f i l t e r s w e r e w a r p e d 
longi tudinal ly . Subsequent examinat ion of f U t e r - z o n e t e m p e r a t u r e da t a 
indicated that de s t ruc t ion probably o c c u r r e d dur ing the 13th h o u r of 
Run P u - 1 0 - - i n the fi l ter cleanup s tep when the p r o g r a m m e d f i l t e r - z o n e 
t e m p e r a t u r e was 300°C. A t e m p e r a t u r e spike to 450°C was found on the 
t e m p e r a t u r e t r a c e for a t he rmocoup le loca ted about 1 in. be low the f i l t e r . 
The fUters had not been inspected after th is run . Da ta on the gas flowrate 
through the f i l ter as a function of p r e s s u r e d r o p a c r o s s the f i l t e r would 
have been useful in pinpointing the p r o b l e m , but w e r e not a v a i l a b l e . S ince 
both f i l te rs apparenfly w e r e not functioning af ter having fa i led, b lowback 

was ineffec t ive . H i g h - p l u t o n i u m -
concen t r a t i on so l id s w e r e found in­
s ide one of the f i l t e r s , so da t a on 
p lu tonium r e m o v a l f rom the bed for 
both Runs P u - 1 0 and -11 a r e s u s p e c t . 
New s i n t e r e d - m e t a l f i l t e r s w e r e in­
s t a l l ed , and no fu r the r diff iculty wi th 
f i l t e r s was e x p e r i e n c e d . 

7.2.4.2 P l u t o n i u m C o n c e n t r a t i o n in 
Bed S a m p l e s d u r i n g and af ter the Run. 
F i g u r e 22 s u m m a r i z e s the c o n c e n t r a ­
t ions of p lu ton ium in the s a m p l e s 
r e m o v e d f rom the fluidized bed and 
f rom the d u m p e d b e d s . The r e s u l t s 
of t h e s e four r u n s cannot be c o m ­
p a r e d , s i nce the a m o u n t s of a l u m i n a , 
u r a n i u m , and c e s i u m p r e s e n t in the 
c h a r g e s d i f fe red , the o p e r a t i n g con­
di t ions (the t i m e - t e m p e r a t u r e cyc le 
and the gas ve loc i ty ) changed , and 
the o p e r a t i n g p r o c e d u r e s ( s t a r t i n g 
with 100% fluorine, o r g r a d u a l l y in­
c r e a s i n g the fluorine c o n c e n t r a t i o n 
in the r e c y c l e gas) d i f fe red . 
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Fig. 22. Plutonium Concentration in Samples Re­
moved from Fluidized Bed during and 
after Runs Pu-6, -10, -11, and -13 

F i g u r e 22 a l s o s h o w s t h e 
a v e r a g e p l u t o n i u m c o n c e n t r a t i o n s of 
t h e d u m p e d - b e d s a m p l e s . T h e s e w o u l d 
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be a measure of the effectiveness of fluorination in Runs Pu-6 and - 1 3, but 
not for Runs Pu-10 and -11 because of the filter burnout problem. For 
Run Pu-6 , the data show that over 99.7% of the plutonium was removed 
from the bed. Also, as in previous experiments, the dumped-bed samples 
(in three of the four runs) had a higher concentration of plutonium than the 
final fluidized-bed samples . 

7.2.4.3 Relation of Plutonium Concentration of Fluidized-bed Samples to 
P u F , Production Rate and Fluorine Efficiency. Solids samples were re ­
moved from the fluidized alumina bed during the runs and analyzed for 
plutonium content to determine PuF , production rates and allow calculation 
of fluorine efficiencies for different run periods. (Fluorine efficiency is 
defined as the ratio of P u F , produced to the theoretical amount that could 
be produced from fluorine input and equilibrium considerations.) 

In both calculations, the amount of P u F , produced in a given period 
must be known. Techniques providing data for this determination included 
weighing the product r ece ive r s , direct sorption on NaF and analysis of the 
NaF, measurement of the neutronic activity at the collection point, and in­
directly, analysis of fluorinator bed samples , which under ideal conditions 
should show a plutonium depletion rate corresponding to the PuF , collection 
rate. Each method had some limitations. Direct sorption of PuF , on sepa­
rate beds of NaF in successive run periods, then analysis of the NaF, would 
provide the necessary information, but transfer of PuF, , which was an ob­
jective of these experiments , could not be demonstrated. Therefore, this 
technique was not used at this t ime. This method was successfully used 
in subsequent work. 

% 
Direct measurement by weight was not possible, since the sensitivity 

of the scales on which the product cold traps were mounted was 25 g, large 
in comparison to the 125-150 g of P u F , collected. The quantitative measure­
ment of neutron emission was just being investigated and shows considerable 
promise, but needs some development. 

Finally, the problem of determining P u F , production rate from plu­
tonium analyses of fluidized-bed samples requires these considerations: 

1. One aspect of the problem is the ratio of plutonium in the bed to 
the total column inventory of plutonium at the time of sampling. A fraction 
of the plutonium can be out of the bed, collected on the filter surfaces, and 
periodically returned to the bed when the filters are blown back. Fil ter 
blowback timing can be controlled, and if bed samples are consistently 
taken a certain interval after blowback, the analytical results might not be 
biased. However, if some plutonium-bearing solids are returned to the bed 
at i r regular t imes , unreliable data may be obtained. For example, solids do 
accumulate on the sloping wall of the disengaging section and may return to 
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nduced by f lu id iza t ion 
the bed at i r r e g u l a r t i m e s , due to column v ib ra t i ons in ^^^ 
of the bed a lone . Accumula t ion and s l iding-off of powder m 

o b s e r v e d in mockup fluidization t e s t s . 

2. P lu ton ium fines can r e s i d e on ^^^^^-l^-^-^:^:!:::^Zl'Zn. 
t ion wal l s ) that a r e hot enough so that p lutonium can be fluor 
t r i bu t e to 'the P u F , product ion r a t e without this being - ^ ; ; f ^ ^ ^ ^ ^ r ^ ^ ^ u c h 
in b e d - s a m p l e compos i t ion . Evidence that plutoniurri ^ ^ ' ^ / " " P " " 
su r f aces dur ing the ini t ial fluidization pe r iods was found du r ing the m o c k 
run (Run Pu-12) through the u s e of the neu t ron s u r v e y m e t e r . 

3 If the fluidized bed is not h o m o g e n e o u s , obta in ing a r e p r e s e n t a ­
t ive s a m p l e may be i m p o s s i b l e . In the p r e s e n t c a s e , the u s e of f i n e - m e s h 
P u F , and a re la t ive ly c o a r s e a lumina was far f rom ideal as r e g a r d s m i x ­
ing, and s o m e of the P u F , may have s e g r e g a t e d into a p l u t o n i u m - r i c h l a y e r 
at the top of the bed. 

Data used in an a t t empt to deflne the sampl ing p r o b l e m a r e next r e ­
viewed, s t a r t ing with informat ion obtained in the in i t ia l p lu ton ium e x p e r i ­
m e n t s . As indicated e a r l i e r , in Runs P u - 1 th rough -3 the p lu ton ium 
concent ra t ion of the dumped-bed s a m p l e s and the final f l u id i zed -bed s a m ­
ples differed. This sugges ted that s o m e p lu tonium was he ld in the gas p h a s e 
above the fluidized bed dur ing a run and dropped when the fluidizing-gas flow 
was stopped. A l so , some sol ids could have been d i s lodged f rom the wa l l s 
above the bed during the bed-dumping ope ra t i on when the c o l u m n was r apped . 
In Run P u - 6 (the f i r s t run in the P u F , fluorination s e r i e s ) , a s i m i l a r concen ­
t ra t ion difference in the dumped-bed s a m p l e s and final f l u i d i z e d - b e d s a m p l e s 
was noted. 

In the runs with P u F , powder , s i nce a known amoun t of P u F , was 
added to the a lumina , the p lu tonium c o n c e n t r a t i o n in a fluidized-bed s a m p l e 
taken before fluorination s t a r t e d should be c o m p a r a b l e with the c o n c e n t r a ­
tion ca lcula ted from the known amoun t s of p lu ton ium and a l u m i n a added to 
the fluorinator, if the s y s t e m is h o m o g e n e o u s . The p lu ton ium c o n c e n t r a t i o n 
in the f luidized-bed s a m p l e s was 0.77% as c o m p a r e d with the c a l c u l a t e d 
concent ra t ion of 1.6%. This sugges t ed that a l a r g e p r o p o r t i o n of the p lu to ­
nium was out of the fluidized b e d - - i n the gas p h a s e o r a d h e r i n g to the upper 
su r faces of the fluorinator--or that the bed was n o n h o m o g e n e o u s when 
sampled . 

In Run P u - 1 2 , neut ron p r o b e s w e r e p l aced along the length of the 
fluorinator to loca te the p lu tonium dur ing the e x p e r i m e n t . (This was a 
qual i ta t ive method , s ince an exac t r e l a t i o n s h i p be tween the amoun t of p lu ­
tonium and the neu t ron e m i s s i o n r a t a had not been e s t a b l i s h e d . ) F l u i d i z e d -
bed s ample s w e r e taken of the P u F , - A l 2 0 3 at t i m e i n t e r v a l s t h r o u g h o u t the 
run. The bed was fluidized with n i t r ogen and kept at r o o m t e m p e r a t u r e . 
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since teinperature changes shift the calibration curve of the neutron meters . 
The results (see Appendix D for experimental details) showed the following: 

1. At gas velocities of 0.3 to 0.7 f t /sec . little plutonium (estimated 
to be less than 10% of that charged) was in the filter-zone region. 

2. The disengaging section contained significant amounts of pluto­
nium, the amount increasing with time of fluidization. 

3. When the gas flow was stopped, or the filters blown back, or the 
fluorinator hammered to dislodge par t ic les , the neutron count dropped sig­
nificantly in the filter and disengaging zones. 

4. Successive fluidized-bed samples contained 0.06, 0 .1 . and 
0.7 wt % plutonium. These concentrations are less than the 2% they would 
have contained had all plutonium been in the bed and had the bed been homo­
geneous. Data show that homogeneity increased with time. 

Concurrently with the above neutron-monitoring tes ts , experiments 
were made using a mixture of fine nickel powder (instead of PuF,) and alu­
mina and a plastic column to allow the degree of homogenization of the bed 
particles to be observed. These tests confirmed results from the neutron 
probe test. Sectioning of the bed after the run showed that the nickel was 
not uniformly distributed. Since the plastic column did not have a filter, 
over 30% of the fines were transported from the bed. Homogenization 
could be promoted by the addition of alumina fines, and this was the basis 
for adding fines in some of the later runs. 

« 
Efforts to show the extent of fines holdup in the gas phase by the 

fluidizing gas proved inconclusive. The beds of Runs Pu- 1 4 and - 1 5 were 
drained through the bottom valve of the fluorinator in three portions (some 
mixing of the three portions could have easily occurred in using this pro­
cedure). The top portion of the Run Pu-15 bed did have a higher plutonium 
concentration than the lower portions, which would be the case if material 
dropped onto the bed when fluidization was stopped. However, results of 
Run Pu-14 do not show a higher plutonium concentration in the topmost 
portion. Consequently, the data presented and discussed in Section 7.3.3.2 
are inconclusive. 

Further evidence of bed inhomogeneity was observed in a compari­
son of analytical resul ts of samples taken from two elevations-- 10 and 
27 in. above the nickel-ball support. Results and the experimental detai ls , 
given in Appendix E. show poor agreement of uranium and plutonium con­
centrations for samples taken at two levels , demonstrating that the bed 
was not homogeneous. 

The runs that followed Run Pu- 1 5 (results of these are to be pre ­
sented in a subsequent repor t ' ) established that there was little correlat ion 
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be tween the P u F , co l lec ted (on N a F in t he se runs) in ^ g iven p e r i o d and 
Plutonium deple t ion data obtained from ana lys i s of the l̂ f̂ ,̂ " • " P ' . " , ' J * " " ' 
from the ava i lab le data we concluded that with the P U F , / A 1 . 0 3 m i x t u r e and 
ope ra t ing condit ions used: 

1. P u F , product ion r a t e s ca lcu la ted f rom the c o n c e n t r a t i o n s of 

plutonium in fluidized bed s a m p l e s would be i n c o r r e c t . 

2. Of the two fac tors that p revent ca lcu la t ion of P u F , p r o d u c t i o n 
r a t e s f rom fluidized-bed compos i t i ons , the nonhomogenei ty of the bed h a s 
been d e m o n s t r a t e d in the t e s t s . The amounts of p lu ton ium in the gas p h a s e 
above the bed and on the wall su r f aces dur ing a run have not been d e t e r m i n e d . 

7.2.4.4 Change in P a r t i c l e - s i z e Dis t r ibu t ion of Alumina F l u i d i z e d Bed 
during a F luor ina t ion Run. The dumped beds of Runs P u - 6 . - 1 0 . and -1 1 
w e r e s ieved to detect any change in the p a r t i c l e - s i z e d i s t r i b u t i o n . T h e d a t a 
(given in Table 14) show that t h e r e was no s igni f icant change in the p a r t i c l e -
s ize d i s t r ibu t ion , 

TABLE 14. P a r t i c l e - s i z e D i s t r i b u t i o n s 
before and after F luo r ina t i on Runs 

Final A1,0, B e d s . % in S ize Range 
Star t ing A1203, L J — 

Mesh Size Range % in Size Range Run P u - 6 Run P u - 10 Run P u - 1 1 

+ 25 

- 2 5 -1-35 

-35 •I-45 

-45 +60 

- 6 0 +80 

- 8 0 +120 

- 1 2 0 +170 

- 1 7 0 +230 

- 2 3 0 + 3 2 5 

- 3 2 5 

u 
0 
0.1 
7.3 

57.1 
30.0 

4.4 
0.5 
0.4 
0.2 

0.2 
0.1 
0.2 
9.4 

53.4 
30.4 

4.3 
0.7 
0.8 
0.4 

1.2 
0.2 
0.2 

11.1 
56.7 
25.9 

4.0 
0.3 
0.2 
0.2 

0.3 
O.l 
O.I 

12.1 
55.9 
26.2 

4.7 
0 .5 
0.4 
0.2 

'^•^•4-5 P u F , T r a n s f e r Data . In two of the runs ( P u - 1 1 and - 1 3 ) , the P u F , 
product that was col lec ted in the cold t r a p s was i n e r t - g a s - t r a n s f e r r e d to a 
smal l product con ta iner (0.03 cu ft) us ing p r o c e d u r e s deve loped e a r l i e r ( see 
Appendix C). About 86 and 88%, r e s p e c t i v e l y , of the P u F , w e r e c o l l e c t e d in 
the product con ta ine r . The r e m a i n d e r p a s s e d t h r o u g h the ch i l l ed p r o d u c t 
container and was so rbed on N a F . R e c o v e r y of the P u F , would be i n c r e a s e d 
if the su r face a r e a of the p roduc t c o n t a i n e r was i n c r e a s e d or if the gas 
flowrate was reduced to i n c r e a s e the con tac t t i m e in the p r o d u c t c o n t a i n e r . 
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7.3 Fluorination of Beds P rocessed through O^-BrFj Steps 

Two additional fluorination experiments (Runs Pu-14 and -15) were 
carr ied out as part of the development effort on the interhalogen flowsheet. 
These experiments were intended to provide a basis for comparing fluori­
nation results obtained in the pi lot-scale unit with those obtained in the 
2-in.-dia laboratory fluid-bed unit; ' this would be useful in developing 
scale-up information. Since the alpha facility was not yet equipped with 
BrF; , the plutonium charges for the pilot-scale unit were prepared by 
processing UO^-PuOj-F.P. pellets through the oxidation and BrFj steps 
in the laboratory unit. 

7.3.1 Materials 

The bed for Run Pu-14 consisted of residual beds from laboratory-
scale runs (designated Pur se in Table 15) in which synthetic fuel mater ia ls 
were processed through the entire sequence of oxygen, BrFs, and fluorine 
steps. The plutoniunn was contained in the residual bed from a laboratory 
experiment (Run J-2) that included only the O^-BrFj steps. The final bed 
from Run Pu-14 served as the starting bed for Run Pu-15. A separate 
plutonium-containing bed from Run J-3 was charged for Run Pu-15. 

The charge in each laboratory experiment consisted of 1100 g of 
48 to 100 mesh Alcoa T-61 alumina and about 650 g of 1/2- by l /2 - in . 
cylindrical pellets containing 5 wt % PuO^, 93.5 wt % UOj, and 1.5 wt % 
fission products. In addition, about 0.6 g of 99.9% pure CsF powder, 
0.15 g of RbF, and 0.48 g of NpOj were added to the bed. 

* 
Reaction conditions in Runs J-2 and -3 were s imilar . The pellets 

were oxidized in 4 hr at 450°C with 20-23% oxygen in nitrogen flowing at a 
superficial velocity of 0.75 f t /sec. Then 10-12% BrFj in nitrogen, at a gas 
velocity of 0.65 f t /sec , was passed through the 300°C bed for 2 hr. The bed 
was packaged and moved to the engineering-scale alpha facility for further 
processing with fluorine. 

The J-2 and -3 beds were tumbled, and grab samples taken before 
being charged to the alpha-facility fluorinator. Table 15 lists the concen­
trations of uranium, plutoniunn, and cesium, where available in the beds 
used in Runs Pu-14 and -15. The J-2 and -3 beds contained 1.86 and 1.99% 
plutonium and 0.76 and 1.01% uranium. Standard deviations (a) were 10, 5, 
21, and 14%, respectively, at the 95% confidence level. Pa r t i c l e - s i ze d is ­
tribution data and uranium and plutonium contents of the sieved fractions of 
the J -3 bed (given in Table 15) show that the bulk of the uranium and pluto­
nium was in the -60 -l-l20 range fraction. 
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T A B L E 15. Bed C h a r g e s for Runs P u - 1 4 and - 1 5 

Run 

P u r s e Z 
P u r s e 3 
P u r s e 4 

P u r s e 5 
P u r s e 7 
P u r s e 8 

P u r s e 9 
P u r s e 10-12 

J - 2 bed 

Total 

P u - 1 4 bed 
J - 3 bedb 

Total 

M a t e r i a l 
Weight , g 

829.3 
729.3 
621.1 

632.3 
567.6 
676.6 

646.0 
712.1 
995.2 

6409.5 

5751 
1042 

6793 

P lu 

% 

0.028 
0.022 
0.005 

0.006 
0.006 
0.012 

0.005 
0.005 
1.86^ 

0.011 
1.99'= 

tonium 

g 

Run P u - 1 4 

0.232 
0.161 
0.031 

0.038 
0.034 
0.082 

0.032 
0.032 

18.51 

19.18 

Run P u - 1 5 

0.63 
20.73 

21.36 

U r a n i u m 

% 

0.018 
0.006 
0.005 

0.007 
0.004 
0.014 

0.003 
0.002 
0.79 

0.13 

0.002 
1.01 

g 

0.149 
0.044 
0.031 

0.044 
0.023 
0.094 

0.019 
0.014 
7.86 

8.28 

0.12 
10.52 

10.64 

0 
0 

0 
0 

C e s i u m 

% 

.051 

.029 

.034 

.073 

g 

0.40 
0.19 

0 .25 
0 .54 

^Resu l t s of p lutonium a n a l y s e s , J - 2 bed s a m p l e s ; 

Sample 

1 
2 
3 
4 

' J - 3 Bed 

USS Sieve Size 

+ 60 
-60 +80 
-80 +120 

-120 +170 
-170 

1.71 
1.83 
1.90 
1.99 

G r a m 
F r a c t i o n 

0.0221 
0.6105 
0.30 84 
0.0513 
0.0077 

A v e r a g e , 
o = ±10% 

% Pu in 
F r a c t i o n 

1.76 
1.50 
1.52 
1.80 

16.65 

1.86% P u 
(9 5% C.I.) 

g P u / 1 0 0 g 
of Bed 

0.039 
0.916 
0.469 
0.092 
0 .128 

% U in 
F r a c t i o n 

2.70 
0.56 
0.64 
0.89 

15.10 

g U/lOO g 
of Bed 

0.060 
0.341 
0 .197 
0.046 
0 .116 

1.0000 1.644 

•^Results of p lu tonium a n a l y s e s , J - 3 bed s a m p l e s : 

Sample 

0.760 

1 
2 

3 

4 

1.91 
1.98 
2.03 
2.05 

A v e r a g e , 1.99% P u 
a = ±5% (95% C.I .) 
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7.3.2 Procedure 

Pre run preparat ions , fluorination, and c a r r i e r - g a s transfer of 
product P u F , from the cold t raps to a NaF-filled t rap are discussed. Al­
though operating conditions for the two runs were s imi lar , some differences 
did exist, and these are indicated. 

7.3.2.1 Pre run Prepara t ions . The prerun steps of system leak testing and 
powder charging were s imi lar to those described in Section 7.1.2. A special 
procedure was used to remove sorbed moisture from all the mater ia ls 
charged. Nitrogen flow in a once-through path was s tar ted, and the fluori­
nator was heated until the bed temperature reached 150°C. This step al­
lowed surface mois ture to be removed from the bed par t ic les . The gas flow 
was then recycled through the bed until the bed temperature reached 300°C. 
During the preheat period, the cold t raps were bypassed to avoid collection 
of moisture. Total t imes to reach reaction tempera ture (300°C) were 1.7 
and 2.7 hr in Runs Pu-14 and -15, respectively. 

7.3.2.2 Fluorination Step. After the bed temperature reached 300°C, 
O.I scfm of fluorine was added to the recycle gas s t ream and fluorine addi­
tion continued for the remainder of the fluorination period, except for one 
unplanned interruption in each run. In Run Pu-14, in which the process -
scrubber pump motor failed, the makeup fluorine flow was interrupted from 
1046 to 1118 (run time), but recycle gas flow was continued. In Run Pu- I 5, 
at 0010, the flow was interrupted for 7 min while the bed temperature (which 
had reached 370''C) was reduced to the desired 300°C (the indicating needle on 
one of the three temperature-indicat ing controllers used on the bed zone had 
stuck on the set-point indicator). The fluorine concentration in the recycle 
loop ultimately reached approximately 80%, the diluent being nitrogen from 
the t ransmi t te r l ine-purge flows and from the filter blowback-gas flow. 

In Run Pu-14, the total gas flowrate (about 1.0 scfm) was not changed 
during the run. Consequently, the superficial gas velocity in the fluorinator 
increased as the bed tempera ture was increased. In Run Pu-15, the super­
ficial gas velocity was held constant (at about 0.6 ft/sec) by reducing the 
recycle-gas flowrate as the bed temperature increased. Consequently, 
more fluorine was passed through the bed in Run Pu-14. Figure 23 shows 
total flowrates (including fluorine) and makeup-fluorine flowrates into the 
fluorinator for Runs Pu-14 and -15. Figure 24 shows the superficial gas 
velocities through the bed. 

In Run Pu-14, the bed tempera ture (initially at 300°C) was increased 
incrementally 25°C whenever the rate of P u F , collection at the cold t raps 
(as measured by the neutron flux from the a-n reaction) appeared to de­
crease . The maximum bed temperature of 550°C was held arb i t rar i ly for 
5 hr . 



68 

A. FLOW RATE OF FLUORINE ADDED TO RECYCLE LOOP 

HUN Pu- IS - " 

R U N P l l - l « 

B, TOTAL FLOW HATE OF GAS INTO FLUORINATOR 

•* V ••^ji. . " ^ ^—•• •* V 

^̂3̂̂^̂̂^̂-̂̂^̂̂^̂̂^ 
^JJO^"^ TEMPERATURE OF BED IN FLUORINATOR 

P u . l 5 

Pu-14 

Pu-14 

SUPERFICIAL GAS VELOCITY IN FLUORINATOR 

1 1 1 1 i I 1 L 

-

-

-

8 10 

RUN TIME.hr 

Fig. 23. Flowrates in Runs Pu-14 and -IS 
(fluorination periods) 

Fig. 24. Gas Velocity and Bed Temperature in 
Runs Pu-14 and -15 (fluorination periods) 

Bed t e m p e r a t u r e s in Run P u - 1 5 w e r e p r o g r a m m e d s i m i l a r l y to 
Run P u - 1 4 ; neut ron c o u n t - r a t e data w e r e a l so r e c o r d e d . I n d i c a t e d bed 
t e m p e r a t u r e s , shown in F ig . 24 for Runs P u - 1 4 and - 1 5 , w e r e about 15-
20°C below the control t e m p e r a t u r e . Since the lower t e m p e r a t u r e s w e r e 
used in the gas -ve loc i ty ca lcu la t ions , the ca lcu la ted v a l u e s a r e u n d e r ­
s ta ted sl ightly. 

When a run was f inished, n i t rogen was s u b s t i t u t e d for fluorine, the 
fluorinator heat ing c i r c u i t s w e r e shut down, and the bed was cooled by in­
c reas ing the fluorinator coolant flow to the m a x i m u m . 

The gas t e m p e r a t u r e in the f i l ter c h a m b e r s in the fluorinator was 
held nea r 125°C in each run. Gas and skin t e m p e r a t u r e s in Run P u - 1 5 a r e 
shown in Fig. 25. Each of the two f i l t e r s was blown back e v e r y 30 m i n , 
using a 1-sec pulse of 92 -ps ig n i t rogen . 

Ĵ 
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Fig. 25. Filter-chamber Gas Temperatures in Run Pu-15 
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The tempera ture of the coolant circulating through the cold traps 
was lower than -65°C in both runs. Cold-trap skin temperatures were kept 
at 50°C to prevent p remature desublimation, which might cause plugging at 
the inlet. 

After the fluorination step, the c a r r i e r - g a s transfer of PuF , from 
the cold t raps to a NaF-filled t rap was completed. Next, the lines and 
equipment were fluorinated to recover any plutonium deposits. During this 
12-hr cleanup fluorination period, the fluorinator bed was maintained at 
550°C to determine how low a level of plutonium could be reached. The 
additional bed fluorination was carr ied out in both runs. 

7.3.2.3 C a r r i e r - g a s Transfer of P u F , from the Cold Traps to a NaF-filled 
Trap. The P u F , that had been collected in the cold t raps was t ransferred 
onto sorbent NaF by the following procedure: Nitrogen at 2 scfh was passed 
through the in - se r i e s cold t r aps , which at the s tar t of this operation were 
still being cooled, and through a NaF-filled t rap located in the exit line of 
the second cold t rap. Cold-trap temperatures were gradually increased by 
heating the coolant to 80°C and simultaneously raising the skin tempera ture 
of the cold t rap to 80°C. The nitrogen flow was continued for 7 hr, probably 
an excessively long time since neutron count data indicated that t ransfer 
was complete within 2 hr . Samples were removed from each of three 900-g 
portions in the NaF t rap . 

7.3.3 Results and Discussion 

7.3.3.1 Plutonium and Uranium Removal from the Bed. The data for bed 
samples taken in Runs Pu-14 and -15 are pkotted in Fig. 26. Although 
fluidizing-gas flowrates differed slightly, these two experiments were con­
sidered a replicate pair , and, in general , the results were s imilar . The 
rates of plutonium removal from alumina were nearly identical, and both 
experiments showed final plutonium concentrations in the range 0.010 to 
0.015 wt %. A small buildup of plutonium in the final bed was evident after 
bed reuse in Run Pu-15. 

On the basis of bed-sample analysis , the plutonium concentration 
reached a s teady-s ta te value when the reactor was at 500°C; no additional 
plutonium was removed from the bed during the 17-hr period at 550°C 
(including the 12-hr cleanup period). If the operating temperature during 
the final period of the recycle-fluorination step could be reduced from 550 
to 500°C, a significant process improvement would be achieved in te rms of 
reducing corrosion and high- temperature s t r e s s of mater ia l s . 

The final plutonium concentration in the alumina bed from Run Pu-13 
(0.005 wt %) using PUF4 powder as the feed mater ia l was lower than that 
achieved in runs simulating the interhalogen flowsheet (Runs Pu-14 and -15). 
The presence of other elements , such as uranium and fission products in 
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Runs Pu-14 and -15, and a different form of the PuF . may ^ave accounted 
for this difference. However, the level of ^^^^''^^'^'^XelZXel u ed 
from Run Pu-15 is considered satisfactory, - " « ^^/^^^utof 0 01 5 wt % 
in the processing of about 75 g of plutonium. A final value of O.U 
represents the retention of about 1 g of plutonium or about 98.7% remo 
Corresponding values for overall plutonium removal achieved in experi 
merits with PUF4 alone were about 99.7%. 

. R U N P u - l 4 i P L U T 0 N I U M ) 
a RUN Po-15 (PLUTONIUM) 
* RUN Pu-14 (URANIUM 1 

^X3X.DUMPED BED SAMPLES OF Pu-14 OR Pu-15 

X3k 

2 SAMPLES EACH 

-̂ =®r 
FLUORINaTION PERIOD-

350.C 
»0*C 400*C 450*C 500*0 SSO*C 

^ / 1/ I / I A 

-CLEANUP PERI OD-

Fig. 26. Uranium and Plutonium Concentrations in 
Bed Samples. ANL Neg. No. 308-864. 

Remova l of the u r a n i u m that r e m a i n e d af ter the B r F ; s t e p was 
rapid and comple te . The concen t r a t i on of u r a n i u m in the final a l u m i n a 
bed for Run P u - 1 4 was 0.002 wt %, r e p r e s e n t i n g m o r e than 99.97o r e m o v a l . 
In all runs p e r f o r m e d in the faci l i ty , the u r a n i u m c o n c e n t r a t i o n s in the 
final beds have been l e s s than the p lu tonium c o n c e n t r a t i o n s . 

Samples taken from the fluid bed before Runs P u - 1 4 and - 1 5 showed 
plutonium concen t ra t ions of 0.26 and 0.23 wt % ( see F ig . 27). C a l c u l a t e d 



values for plutonium concentrations 
based on analyses of the feed were 
0.30 and 0.31 wt %, respectively. 
The difference between the observed 
and calculated values is attributed to 
the more general problem of sampling 
a nonhomogeneous bed. Most of the 
plutonium charged in Runs Pu-14 and 
-15 was in mater ia l in the 60 to 
120 mesh range, rather than in a 
-325 mesh fraction as in the ear l ier 
runs with PuF. . However, even with 
this coarser plutonium mater ial , 
there appears to be a bed sampling 
problem when the bed is fluidized. 

7.3.3.2 Analysis of Final Samples 
from Top. Middle, and Bottom of Bed. 
Previous work indicated that analyses 
of grab samples of the fluidized bed 
showed significantly lower plutonium 
concentrations than analyses of sam­
ples taken from the final bed after 
the bed was withdrawn from the re ­
actor and blended. This behavior 
was attributed to return of the pluto­
nium fines from the upper section of 
the reactor to the bed after fluidiza­
tion was terminated. To test this 
postulate, the bed of each run was 
emptied through the bottom valve of 
the fluorinator in three portions. 

Some mixing between portions might have occurred, since the core of the 
bed would tend to drop out first. The data (Tables 16 and 17) show that, in 
Run Pu-15, analyses for the upper portion (10% of the bed) were 0.014 and 
0.027 wt % plutonium and that the remainder of the bed analyses were about 
0.015 wt % plutonium. In contrast, in Run Pu-14, the samples from the top 
and bottom of the bed had identical plutonium concentrations. Therefore, 
more data would have to be obtained to corroborate the behavior. If the 
top portion did indeed contain more plutonium than lower sections, a method 
for reducing the loss of plutonium with the alumina bed would involve with­
drawing only the lower portion of the bed and retaining the upper portion for 
further processing in the fluorination of subsequent fuel charges. A better 
understanding of mixing as a function of par t ic le-s ize distribution would be 
helpful in attaining homogeneity in the bed and therefore facilitate obtaining 
representat ive bed samples. 

FLUORINATION 
— TEMPERATURE 
300 TO , , -
*550»C-f350 TO 450"0+450 TO SZS ĉN 

_L _L 

Fig. 27. Fluorination Efficiency vs Time: 
Runs Pu-14 and -15. ANL Neg. 
No. 308-863. 
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T A B L E 16. U r a n i u m and P l u t o n i u m C o n c e n t r a t i o n s in T o p , M i d d l e , 
and B o t t o m P o r t i o n s of P u - 1 4 and - 1 5 F i n a l B e d s 

Top por t ion of" 

Middle po r t ion of 

Bot tom por t ion of 

S a m p l e 1 

S a m p l e Z 

S a m p l e 2 
{Sum of s i e v e d 
f r ac t i ons ) 

S a m p l e 1 

S a m p l e 2 

Sample 1 

Sample 2 

Run P u - 1 4 

% P l u t o n i u m 

0.010 

0,011 

0.011 

0.011 

0.012 

0.011 

0.002 

0.002 

0.003 

0.002 

0.001 

0.002 

Run P u - 1 5 

% P l u t o n i u m 

0 .027 

0 .014 

0 .029 

0 .017 

0 .013 

0 .015 

0 .015 

0 .011 

< 0 . 0 0 1 

0 .015 

0.005 

0.002 

0.003 

0.004 

T A B L E 17. U r a n i u m , P l u t o n i u m , and F l u o r i d e C o n c e n t r a t i o n s in S ieved F r a c t i o n s 
of S a m p l e 2 of Top P o r t i o n of Run P u - 1 5 F i n a l Bed 

Sieve 
F r a c t i o n Size 

+ 25 Mesh 

-25 +60 

-60 +80 

-80 +120 

-120 

Tota l 

Weight F r a c t i o n 

0.0027 

0.0986 

0.6058 

0.2429 

0.0050 

1.0000 

Plut 

% 
0.002 

0.017 

0.037 

0.022 

0.037 

on ium 

G r a m s 
p e r 100 g 

0.00001 

0.00167 

0.02241 

0.00534 

0.00018 

0.02961 

U 

% 
0.009 

0 .003 

0.021 

0.009 

0.014 

r a n i u m 

G r a m s 
pe r 100 g 

0 .00003 

0 .00030 

0 .01272 

0 .00219 

0 .00007 

0 .01534 

F l 

Not 

u o r i d e . % 

s u b m i t t e d 

2.92 

2.68 

3.26 

6.49 

The top portion of the Pu-15 final bed was sieved, and the fractions 
chemically analyzed. Only 0.005 of the final bed was smaller than -120 mesh. 
Therefore the present test of the postulate that sufficient fines fall back onto 
the bed after fluidization has stopped, confounding sampling resul ts , may not 
be fully valid. No trend in plutonium or uranium concentration was observed 
with decreasing particle size, but the fluoride content did increase with de­
creasing particle size. About 6% of the larger-s ized Al,03 was converted to 
AIF3, but about 10% of the - 120 mesh material was converted. The A1,0, had 
been contacted with fluorine for about 50 hr at temperatures mostly above 

•'•^•^•^ Fluorination Efficiency. Fluorination efflciency is defined as the 
amount of PuF, produced in a given period divided by the theoretical amount 
produced at equilibrium considering the reaction 

PUF4 + F2 ^ P u F , 
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Fluorination efficiencies were calculated for the fluorination periods for 
Runs Pu-14 and -15 using fluidized-bed sample analyses as the basis (see 
Fig. 27). Since this calculation considered all plutonium that had left the 
bed, including the plutonium that had been elutriated but not necessari ly 

fluorinated, the values shown represent the 
maximum expected efficiencies. The effi­
ciency was high (~50%) initially and de­
creased rapidly as the PUF4 was fluorinated. 
The slightly higher efficiencies for Run Pu-14 
than for Run Pu- 1 5 may be the result of the 
slightly higher fluorine throughput rates in 
Pu-15 . 

BED SAMPLE DATA 

_L J_ 

F i g u r e 28 c o m p a r e s fluorination effi­
c i e n c i e s c a l c u l a t e d on the b a s i s of b p d - s a m p l e 
a n a l y s e s and on the n e u t r o n count r a t e at the 
P u F , cold t r a p for Run P u - 1 4 . The n e u t r o n 
count r a t e was c o n s i d e r e d to be d i r e c t l y p r o ­
po r t i ona l to the p lu ton ium l eve l . As e x p e c t e d , 
e f f i c ienc ies c a l c u l a t e d f rom the neu t ron da t a 
a r e l o w e r , s i n c e they re f l ec t only the P u F , 
r e c o v e r e d , as opposed to the bed d a t a , which 
r e f l e c t p lu ton ium r e m o v e d by both fluorina­
t ion to P u F , and e l u t r i a t i o n of PUF4. The 
a c c u r a c y of the v a l u e s ob ta ined by n e u t r o n 
count ing cannot as yet be e s t a b l i s h e d . With 
e x p e r i e n c e , the n e u t r o n coun te r m a y p r o v i d e 
d i r e c t quan t i t a t i ve i n f o r m a t i o n about the P u F , 
c o l l e c t i o n r a t e , and e f f ic ienc ies m a y then be 
c a l c u l a t e d as the run p r o c e e d s . 

7 .3 .3 .4 Eff ic iency of P u F , Cold T r a p s . The 
eff ic iency of the c o l d - t r a p s y s t e m for con­
dens ing P u F , f r o m the r e c y c l e gas s t r e a m 
was d e t e r m i n e d in Runs P u - 1 4 and - 1 5 . The 
s y s t e m c o n s i s t s of two i n v e r t e d U - s h a p e d 
cold t r a p s in s e r i e s , ch i l l ed by r e c i r c u l a t i n g 
t r i c h l o r o e t h y l e n e (coolant t e m p e r a t u r e , - 6 5 
to -70°C) . A N a F t r a p (at ~ 100°C) s e r v e d as 
a backup t r a p to co l l ec t any P u F , that p a s s e d 
t h r o u g h the cold t r a p as v a p o r . The b a c k u p 

t r a p was a s s u m e d to be 100% eff ic ient , s i n c e in p r e v i o u s expe r innen t s l i t t l e 
p lu ton ium h a s b e e n found d o w n s t r e a m of th i s t r a p (in e i t h e r the a c t i v a t e d 
a l u m i n a t o w e r s o r the s c r u b b i n g s y s t e m ) . 

Fig. 28 

Fluorination Efficiency in Run Pu-14 
as Determined from Neutron-count-
rate Data and as Calculated from 
Bed-sample Analyses. ANL Neg. 
No. 308-844 Rev. 1. 

Ef f ic iency of cold t r a p p i n g was d e t e r m i n e d i n d i r e c t l y by t he fol low­
ing m e t h o d : 
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a. The PuF, collected during each fluorination experiment was 
vaporized from the cold trap in a nitrogen ca r r i e r -gas s t ream at 70 C 
collected in a NaF trap. The plutonium content of the NaF was then 
determined. 

b The cold traps were then exposed to fluorine for 1 2 hr at 300°C 
to remove any residual plutonium. This PuF , was sorbed on a separate 
NaF trap. 

c. The Plutonium content of the backup NaF trap was determined. 

The amount of plutonium collected (in grams) in a, b, and c was: 

a b c Efficiency 

Run Pu-14 15.9 1.0 1.9 90% 
Run Pu-15 18.9 0.6 0.7 96% 

The total plutonium input was assumed to be the sum of a, b, and c; effi­
ciency was expressed as 

^ + ^ X 100 . 
a + b -f c 

Efficiencies of 90 and 96% were obtained for the two runs. The higher 
efficiency in Run Pu-15 may reflect the lower overall gas velocity and the 
observed lower coolant temperatures. 

The "loss" of PuF , to the backup NaF trap corresponded to the 
amount of PuF , that would remain as vapor in a saturated gas s t ream at 
about -60°C, calculated by extrapolation of vapor -p ressure data.*' ' This 
implies that the cold traps actually operated at 100% efficiency during the 
run and that a higher fraction of the input PuF , can be collected by operat­
ing at lower temperatures. 

On the basis of this calculation, the loss of PuF , through the cold 
trap appears to be a function of cold-trap temperature and not due to "snow" 
formation. Since the temperature of the cold trap is near the minimum for 
the existing refrigeration system, the limit of trapping efficiency appears 
to have been reached. 

7-3.3.5 F.P. Data. No information could be obtained on the movement of 
molybdenum and ruthenium during the fluorination step, because the con­
centrations of these elements in the as-received beds ( j-2 and -3) were 
below the detectable limit of 0.005 wt %. More than 9 5% of the molybdenum 
and 90% of the ruthenium had already been removed in the oxidation and 
BrFs steps conducted in the laboratory unit. No detectable amounts of 
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these elements were found in the P u F , product or in any samples taken from 
the sorbent t r aps . The cesium concentration in the bed was constant during 
the run at approximately 0.35 wt %. 

7.3.3.6 P u F , Thermal Decomposition. In the heat-exchange section of the 
filter chambers of the fluorinator, the gas from the fluorination zone is 
cooled from the fluorination tempera ture (usually 300°C or above) to ap­
proximately 150°C to prevent corrosion damage to the fil ters. During the 
early part of the fluorination run, it is possible to have the P U F J / F ^ ratio 
in the gas from the fluorination zone exceed the P U F J / F J equilibrium ratio'" 
for the temperature at which the filters a re operating, a condition that might 
result in decomposition of some PuF , to PUF4 with the release of fluorine. 
In Fig. 25, the equilibrium temperature for the P U F , / F 2 gas mixture entering 
the filter chamber is plotted as are the temperature curves of the four ther­
mocouples in the two filter chambers . (The relative positions of the thermo­
couples are shown in Fig. 29.) Since, in the first 80 min of the run, the gas-
mixture equilibrium tempera ture is higher than the temperature in the filter 
chamber, almost 50% of the plutonium (20 g) should be decomposed to PuF^ 
(from equilibrium considerations). 
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where F is the rriclian PuFg decwivoMd; ror definrtiwis of ott>er terms see p. 76. 
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Fig. 29. Decomposition of PuFg in Heat-exchange Section of Fluorinator Filter Chamber during Run Pu-15 
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ActuaUy, when the k ine t i cs of the d e c o m p o s i t i o n a r e c o n s i d e r e d 

us ing the mode l p roposed by T r e v o r r o w and S t e i n d l e r , l e s s than 0 . 1 % shou ld 

d e c o m p o s e . The equat ions for the r a t e ca l cu l a t i ons a r e 

and 

w h e r e 

Rt - K / s \* 

3 7 50 ^ , , ^ 
l o g k = — = r - + 5 . 6 2 5 , 

and 

R t = P U F , / F 2 m o l a r r a t i o a t t i m e t , 

Ro = P U F , / F 2 m o l a r r a t i o a t t i m e to, 

K = e q u i l i b r i u m c o n s t a n t , m o l e s P u F , / m o l e s F 2 , 

k = r a t e c o n s t a n t , m o l e s P u F , / m o l e s F j , 

T = t e m p e r a t u r e , °K, 

t = t i m e , m i n , 

S / V = s u r f a c e t o v o l u m e r a t i o of s y s t e m , c m " ' , 

Ro - Rj. 

^ " R o ( l + R t ) ' 

F i g u r e 29 i s a d r a w i n g of t h e h e a t - e x c h a n g e s e c t i o n of t h e f i l t e r 
c h a m b e r s . F o r t h e c a l c u l a t i o n , t h e c h a m b e r v o l u m e w a s d i v i d e d i n t o f i v e 
t e m p e r a t u r e z o n e s , a n d t h e g a s t e m p e r a t u r e p r o f i l e a l o n g t h e l e n g t h w a s 
c a l c u l a t e d f r o m t h e f o r m u l a 

T g a s - T ^ , a i i ^ ^^^ 

•'•gas i n l e t " ^ ^ ^ 1 1 

w h e r e 

a n d 

C = - 1 . 6 3 , 

T = t e m p e r a t u r e , ° C , 

L = d i s t a n c e f r o m t h e g a s i n l e t , ft. 

This equation has been modified slightly since the calculations were made. Conclusions ate the same 
using the modified equation. See Ref. 11. 
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The table in Fig. 29 shows the calculated values for 1 - F. the frac­
tion of P u F , passing through the zones, as a function of the operating condi­
tions. For a portion of the length, no P u F , would decompose, since the 
equilibrium ratio at the zone temperature would not be exceeded. In the 
remaining zones, the rate would be so low that less than 0.1% of the PuF , 
would decompose, or less than 0.2 g in each of the Runs Pu-14 and -15. 
However, in each run, about 3 g of plutonium was recovered from the upper 
part of the fluorinator. The conclusion would be that, if the proposed model 
is correct , the plutonium present in the filter regions must be there, (1) be­
cause of elutriation of PUF4 from the bed, or (2) because of a reduction re ­
action of P u F , with metal or some other system constituent, since thermal 
decomposition of P u F , is negligible under present operating conditions. 

7.4 Miscellaneous 

7.4.1 Sorption of PuF , by NaF 

Sorption of P u F , on NaF at 100-150°C proved to be a highly efficient 
method for collection of the P u F , product. Although plutonium cannot be 
readily recovered from the NaF bed, this method of collecting the plutonium 
was more convenient than condensation of PuF , in refrigerated t raps , be­
cause it facilitated the obtaining of samples for analysis. 

Sorption performance data are summarized in Tables 18 and 19, 
respectively, for the traps used in the plutonium cleanup step following 
Run Pu-3 and those used in Runs Pu- 14 and - 1 5. As shown in both tables, 
most of the plutonium was sorbed in the inlet third of the NaF bed. In one 
trap (Table 18, Trap 5), for which the bed was at 50°C because of heating 
problems, the sorption efficiency was lower than with traps held at 100°C. 
Within the ranges used in these tes t s , sorption efficiency was not affected 
by gas velocity or by the quantity of PuF, . 

TABLE 18. Distribution of PuFf, in NaF Traps in Run Pu-3 

Trap 
No. 

1 
2 
3 
4 
5 
6 
7 
8b 

Superficial 
Gas Velocity 
through T I 

ft/min 

2 
2 
2 
2 
2 
6 
7 
7 

• a p , 

Trap 
Temperature 

Range,^ 
-c 

90-96 
90-96 
90-96 

124-160 
50-50 

107-130 
80-150 

100-136 

Total Pu 
Content 
of Trap, 

g 

2.1 
2.4 
3.0 
4.0 
6.7 

17.4 
97.4 

0.8 

Percent of Pu Found in 
Given Portion of Trap 

Inlet 
Third 

99.5 
93.9 
94.7 
98.2 
63.1 
96.3 
96.8 
82.9 

Middle 
Third 

0.2 
0.4 

<0.1 
0.6 

34.5 
3.7 
3.1 
7.3 

Exit 
Third 

0.3 
5.7 
5.3 
1.2 
2.4 

<0.1 
0.1 
9.8 

^Range determined from two or three skin-temperature measurements. 
"In series with Trap 7. 
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TABLE 19. Sorption ol Puffi on NaF in Runs Pu-14 and -15 

NaF Trap Location 

Superficial Plutonium 
Trap Gas Velocity, Concentralion Weight ol 

Section (t/min ol NaF, wt % NaF. g 

Superlicial Plutonium Superlicial 
Concentralion Weight of ConlacI 
o( NaF, wt * NaF, g Time, sec 

ConlacI 
Time, sec 

Process oti-gas Ime (5-3/d-in, 10 by 11 in. l 

Downstream of cold traps, used in inert-gas 
PuF6 transler slep (2-7/8-in. ID t)y 24 in.) 

In exit line of fluorinator during cleanup 
step (2-7/8-in. ID by 24 in. l 

tn exit line ol cold trap during cleanup step 
(2-7/g-in. ID by 24 in.) 

0.151 
0.OSO 
0.030 

1260 
1466 
1784 

0.320 
0.005 
0.027 

0.110 
0.001 0.002 

0.001 

1177 
1132 
2196 

1 1,0 
2 
3 

1 20-36 
2 

3 

1.850 
0.003 

< 0.001 

0.313 
0.002 

< 0.001 

873 
878 
900 

878 
864 

874 

120 

Varied 
J. 3-6.0 

2,578 
0.003 

<O.0Ol 

3.189 
0.002 

0.002 

909 
876 
879 

1000 

657 

952 

120 

Varied 
4.3-6.2 

In obtaining the da ta shown in Tab le 19, the p lu ton ium h e x a f l u o r i d e 
was so rbed on N a F in two s i z e s of t r a p s . The p r o c e s s off -gas t r a p ( loca ted 
d o w n s t r e a m of the cold t r a p s ) had a 5 | - i n . ID and about an 11- in . he igh t ; 
the other t r a p s had a 2-|--in. ID and a 24- in . he ight . All t r a p s w e r e o p e r ­
ated at about 100°C. Flow was upward in the p r o c e s s N a F t r a p and down­
ward in the o t h e r s . As shown in Tab le 18, the P u F ^ was r e m o v e d ef fec t ive ly 
in the s m a l l e r - d i a m e t e r t r a p s in the f i r s t 8-in. s ec t i on of N a F ( a v e r a g e con­
tac t t i m e of about 5 sec ) . Sorpt ion efficiency was p o o r e r in the 5 - - i n . - I D 
t r a p - - p o s s i b l y b e c a u s e of poor gas d i s t r i bu t ion . C o n s e q u e n t l y , a s m a l l e r -
d i a m e t e r , t a l l e r t r a p was p r e f e r r e d . A c o n s i d e r a t i o n in d e s i g n , of c o u r s e , 
is the p r e s s u r e d r o p through the t r a p . 

"^•^•^ P lu tonium Concent ra t ion in Samples Removed f rom R e a c t o r 
Surfaces and F i l t e r s ' 

Wall s c r ap ings from the fluorinator and s e c o n d a r y f i l t e r c h a m b e r 
and the fine l aye r of powder on the p r i m a r y f i l t e r s w e r e s a m p l e d for p l u t o ­
nium ana ly s i s . Analy t ica l da ta (Table 20) ind ica te that the c o n c e n t r a t i o n of 

T^BLE 20. Plulonium Concentration in Samples Removed from Internal Reaclor Surfaces ol Fluorinator 

Pu-2 

Pu-4 

Pu-11 

Pu-1 

Pu-2 

Pu-U 

Pu-U 

Pu-11 

Pu-11 

Pu-11 

Pu-11 

Pu-11 

East filter 

Scrapings removed from fluorinator lillers during 
the plulonium cleanup step. Fillers had tteen al 
250°C in concentraleU lluorine lor 19 hr. 

WesI liller, upper section 
lower section 

East lilter, upper seclion 
lower section 

Sample removed from secondary (ilter 

Disengaging section 

Disengaging seclion 

Disengaging section 

Disengaging seclion 

Main reaction section 

Charge port 

WesI liller chamber 

East liller chamber 

Secondary liller chamber 

Comments 

1.11 
0.15 
1.43 
0.65 

6.6 

15.6 

20.2 

1.8 

0.59 

0.67 

1.00* 

10.6 

0.98 

8.0 

0.16 
0.03 
0.13 
0.06 

0,03 

29.2 

3.8 

0.006 

0.002 

0.02 

0.04 

0.11 

Probably high plulonium content because of 
holes m fillers used in Runs Pu-10 and -11 
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plutonium in the samples was relatively high and covered a broad range, 
3-20%. Many of the samples were taken after Run 11, the experiment in 
which filter burnout occurred, so some of the data may be atypical. Even 
though the concentrations are high, the total quantity of plutonium on the 
entire upper wall area was small , because the coating was quite thin. A 
cleanup fluorination t reatment would be expected to reduce the plutonium 
levels, as indicated in the samples removed from the filters after Run Pu-4 , 
in which the filters were exposed to concentrated fluorine at 250°C for 19 hr; 
the plutonium concentration in these samples ranged from 0.15 to 1.43%. 
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8. THERMAL DECOMPOSITION OF PLUTONIUM H E X A F L U O R I D E 

8.1 In t roduc t ion 

The f luor ide -vo la t i l i ty f lowsheet d e s c r i b e d in the i n t r o d u c t i o n of t h i s 
r e p o r t p r o d u c e s a mixed p l u t o n i u m - u r a n i u m hexa f luo r ide p r o d u c t . The type 
of fu r the r p r o c e s s i n g of th is m a t e r i a l i s d i c t a t ed by the end u s e of the f i s s i l e 
and fe r t i l e componen t s . Both s e p a r a t i o n and pu r i f i c a t i on s t e p s m a y be 
needed . In e i the r ca se , c o n v e r s i o n of the p lu ton ium to a f o r m m o r e s t a b l e 
than the hexaf luor ide such as solid PUF4 or PUO2 is r e q u i r e d . 

Separa t ion of the plutonium f rom the u r a n i u m , wi th s i m u l t a n e o u s 
conve r s ion of the PuF^ f r ac t ions to sol id PUF4 by t h e r m a l d e c o m p o s i t i o n , 
appea red feas ib le on the b a s i s of k ine t ic and m e c h a n i s t i c l a b o r a t o r y 
s t u d i e s . "' ' ^ Technology and e x p e r i e n c e with f luidized beds in s t ud i e s^ 
on the conve r s ion of UF^ to the dioxide sugges t ed that a f lu id -bed a p p r o a c h 
be explored . 

A br ief but success fu l p r o o f - o f - p r i n c i p l e p r o g r a m on f lu id -bed 
t h e r m a l decompos i t ion was c a r r i e d out in a 2 - i n . - d i a f lu id -bed r e a c t o r 
ins ta l l ed in the e n g i n e e r i n g - s c a l e a lpha fac i l i ty . Mixed P u F ^ - U F ^ feeds 
containing r e p r e s e n t a t i v e F . P . f luor ides w e r e p r o d u c e d in the f l uo r ina t i on 

s y s t e m in the s a m e fac i l i ty (Runs P u - 1 , 
- 2 , and -3 ) . De t a i l s and r e s u l t s of 
the work a r e d e s c r i b e d be low. 

8.2 E q u i p m e n t 

The equ ipmen t t r a i n c o n s i s t e d 
of a hexa f luo r ide feed s t a t i on , a 2 - i n . -
dia f lu id-bed r e a c t o r , a s e c o n d a r y 
f i l t e r , and cold t r a p s (used in c o m m o n 
with the f l u o r i n a t o r ) for c o l l e c t i o n of 
the U F j . The off -gas was ven ted 
th rough the f l u o r i n a t o r vent s y s t e m , 
which c o n s i s t e d of a N a F t r a p , a c t i ­
va ted a l u m i n a t r a p s , s c r u b b e r s , and 
f i l t e r s . A s e p a r a t e off -gas s y s t e m 
i n s t a l l e d for u s e wi th the 2 - i n . - d i a 
r e a c t o r for s t u d i e s on the c o n v e r s i o n 
of the mixed h e x a f l u o r i d e s to ox ides 
was b y p a s s e d for the t h e r m a l -
d e c o m p o s i t i o n work . F i g u r e 30 shows 

.a view of the f lu id -bed c o l u m n as 
i n s t a l l ed in the Alpha F a c i l i t y . 
De ta i l s of the e q u i p m e n t w e r e 
d e s c r i b e d in Sec t ion 5 .3 . 

Fig. 30. Fluid-bed Thermal Decomposer Mounted in 
Urge Alpha Box. ANL Neg. No. 108-7889. 
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8.3 O p e r a t i n g Condi t ions 

O p e r a t i n g t e m p e r a t u r e s and f lows w e r e s e l e c t e d m a i n l y on the b a s i s 
of t he e a r l i e r l a b o r a t o r y w o r k . T h e s e cond i t ions w e r e t e s t e d in an equ ip ­
m e n t shakedown e x p e r i m e n t wi th U F j . Cond i t ions w e r e s i m i l a r for the 
s u b s e q u e n t e x p e r i m e n t s wi th the U F ^ - P u F ^ m i x t u r e s , excep t for the bed 
t e m p e r a t u r e , wh ich was t e s t e d a t 350 and 300°C. The lower t e m p e r a t u r e 
was u s e d a f t e r the f i r s t p l u t o n i u m e x p e r i m e n t ( see Tab le 21) in an effort 
to r e d u c e the l e v e l of u r a n i u m c o d e p o s i t i o n with the P u F j p r o d u c t . 

TABLE 21. Average Operating Conditions for Fluid-bed 
Thermal-decomposition Studies 

Equipment: 2-in.-dia Inconel reactor 

Bed material;^ 2.4 kg of Alcoa T-61, -100 mesh alumina 
(18-in. static-bed height) 

Run 

Shakedown 

DUP-4 

DUP-5 

DUP-6 

Bed 

Temp, 
°C 

300 

350 

300 

300 

Hexafluoride 
F eed Rate, 

g/min 

19 

18 

20 

21 

Superficial 
Fluidizing-

gas Velocity, 
ft/sec 

0.15 

0.17 

0.17 

0.15 

D 
Run 

uration. 
h r 

6.8 

9.6 

8.2 

7.6 

Inlet Gas 
Composition, 

% Hexafluoride 
in Nitrogen 

40 

37 

37 

45 

Fresh alumina beds were used for the first three experiments. The final bed from 
Run DUP-5 was used as the starting material for Run DUP-6. 

% 
The s t a r t i n g bed c o n s i s t e d of -100 m e s h Alcoa T-61 a l u m i n a 

( a v e r a g e p a r t i c l e s i z e ~ 9 0 p.; m i n i m u m f luidizing ve loc i ty ~ 0 . 0 5 f t / s e c ) ; 
the s i e v e a n a l y s i s of t h i s m a t e r i a l i s g iven in T a b l e 22. A r e l a t i v e l y 
fine m e s h a l u m i n a w a s c h o s e n so t h a t a low gas ve loc i ty could be u s e d 
for f lu id iza t ion , thus m a x i m i z i n g gas r e s i d e n c e t i m e in the bed. The 
c a l c u l a t e d r e s i d e n c e t i m e , b a s e d on the s u p e r f i c i a l ve loc i ty of ~ 0 . 1 5 f t / s e c , 
was about 10 s e c . F r e s h a l u m i n a beds w e r e used for the shakedown e x p e r i ­
men t , and aga in for the f i r s t and second p lu ton ium e x p e r i m e n t s . The bed 
f r o m the s econd p lu ton ium e x p e r i m e n t was r e u s e d in the l a s t e x p e r i m e n t . 
Since the bed would be coa ted with P u F ^ a f te r a s ing le u s e , the p r e s e n t 
s c h e m e s i m u l a t e d the u s e of a bed of PUF4. 

The r e a c t o r and a s s o c i a t e d l ines and the s t a r t i n g bed w e r e p r e -
f l uo r ina t ed wi th f l uo r ine a s a p a r t of the shakedown r u n to m i n i m i z e i n t e r ­
a c t i o n b e t w e e n the h e x a f l u o r i d e s and the m a t e r i a l s of c o n s t r u c t i o n . F i n a l 
p r e f l u o r i n a t i o n cond i t ions w e r e 300°C and 75% f luor ine in n i t r o g e n for 
1 h r . The f i l t e r - r e g i o n t e m p e r a t u r e did not e x c e e d 100°C du r ing 
p r e f l u o r i n a t i o n . 
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TABLE 22. Physical Propert ies of Alumina Used for 
Fluid-bed Thermal-decomposition Studies 

USS Sieve 
Size 

80 

120 

170 

230 

325 

-325 

Tapped bulk 
density, g/cc 

Surface area, 
sq m/g 

Run DUP-5 

Start 

% on 

1.3 

4.7 

21.3 

18.6 

18.6 

35.5 

2.3 

0.17^ 

Given 

Final 

Sieve 

1.0 

4.4 

20.0 

17.5 

18.6 

38.5 

2.2 

0.22^ 

% 

Rl 

on 

in DUP-6 

Final, 
Given Sieve 

3.7 

2.5 

18.3 

15.2 

16.1 

44.2 

2.2 

0.19 

^Data for the earlier run, DUP-4, which employed s imilar 
alumina to that used in Runs DUP-5 and -6. 

Separate 10-kg batches of UF^-PuFt mixtures produced in the flu­
orination of nominally 0.5 wt % PuOj-UOz-F.P. pellets were processed in 
the three thermal-decomposition experiments. Small quantities of molyb­
denum and ruthenium fluorides were present, having been formed in the 
fluorination process. The feeds for the first two decomposition experiments 
contained less than the expected quantities of plutonium, as a result of low 
plutonium yield in the preceding (fluorination) step. This became known 
only after these two decomposition experiments were completed and analyt-
'f/,^^'"^'" ^^"^^ received. Additional PuF^ was spiked into the final batch 
ot UF^-PuF^ feed to ensure a reasonable plutonium input. Manipulation of 
the PuFj "spike" material involved several small nickel vessels and auxil­
iary piping. As a precautionary measure to minimize interaction of the 
PuF, with these materials, the equipment used in the transfer was pretreated 
first with CIF3, then with PuF , itself. The amount of P u F , actually fed 
during an experiment was determined by the change in the weight of the feed 
nuorli'e f'' Plutonium analysis, and by the change in the weight of the hexa-
fluoride feed cylinder due to the "spike." 

f H ^^"711 ' ' ^ ^ " " ^ ° ' '^^ concentrations of plutonium in the successive 
feeds were 0.02, 0.13, and 0.43 wt %. These values were c a l c u l a t i o n the 
basis of Plutonium accounted for (sum of bed and off-gas content) ra ther 
than being obtained by direct analysis of the feed hexafluoride, since there 
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was considerable scatter in the analyses of feed samples . Liquid sampling 
of mixed hexafluorides containing PUF4 particulate mater ia l remains prob­
lematical. Vapor sampling appeared promising, but needs further study. 

8.4 Operating Procedure 

Detailed check sheets were used for each experiment to ensure that 
equipment and instrument inspection was conducted properly. Leak-testing 
was done carefully; also, since severa l systems were common to the flu­
orinator and the decomposer, par t icular attention was given to setting valves 
to ensure that the appropriate gas path had been set. 

With the reactor bed charged, fluidization was started using nitrogen. 
The reactor was brought to tempera ture . Meanwhile, the 10-kg batch of 

hexafluoride had been sampled while 
installed in a heated rocker-sampler 
box (see Fig. 31 and Appendix F). The 
sample was hydrolyzed, preparatory to 
analysis (see hydrolysis procedure. 
Appendix G). The feed cylinder was 
then positioned in the feed manifold and 
was brought to temperature (~80°C). 
Hexafluoride flow was started, initially 
at a low rate , but flow quickly was 
brought up to the desired rate and 
placed on automatic control. 

HEATED BOX 

Fig. 31. Heated Rocker-Samp ler Box 

The bed and the of f -gas w e r e samp\,ed on a p r e s e t s c h e d u l e . O p e r ­
at ing da ta w e r e logged a u t o m a t i c a l l y wi th the da ta logger ; in addi t ion , 
s e l e c t i v e da ta w e r e t a k e n m a n u a l l y on a g iven s c h e d u l e . 

The p r o c e d u r e a l s o inc luded s a m p l i n g of the f inal bed af ter it was 
w i t h d r a w n f r o m the r e a c t o r and s a m p l i n g of powde r r e c o v e r e d s e p a r a t e l y 
f r o m the f i l t e r r e g i o n s o r o the r i n t e r n a l r e a c t o r s u r f a c e s . The o v e r h e a d 
(UF,) p r o d u c t was s a m p l e d a f t e r it had been t r a n s f e r r e d f r o m the cold 
t r a p s to a f r e s h r e c e i v e r ; U F , - P u F , r e m a i n i n g in the feed v e s s e l was a l s o 
s a m p l e d for m a t e r i a l - b a l a n c e p u r p o s e s . 

8.5 R e s u l t s 

The s u c c e s s of the t h e r m a l - d e c o m p o s i t i o n p r o c e s s was m e a s u r e d 
in two w a y s : by t he low p lu ton ium con ten t of the o v e r h e a d U F , p r o d u c t 
s t r e a m , and by the p lu ton ium i n v e n t o r y in the bed . R e s u l t s of only the l a s t 
two e x p e r i m e n t s (Runs D U P - 5 and -6) w e r e u s e d in th i s a n a l y s i s , s i n c e the 
feed for Run D U P - 4 a p p a r e n t l y con ta ined l i t t l e vo la t i l e p l u t o n i u m . * S a m p l e s 

*Data from Run DUP-4 indicate that less than 0.1 g of plutonium was fed to the reactor. 
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of the bed taken during the runs gave information on the rate of plutonium 
buildup on the part icles. Final bed analyses and overall inventories allowed 
back-calculation of the input plutonium concentrations. Analysis for molyb­
denum and ruthenium in the various s t reams gave some insight into F .P . 
behavior in the decomposition process. 

8.5.1 Plutonium Content of the UFn Product Stream 

The plutonium content of the overhead UF, product s t r eam served 
as a measure of the completeness of separation of plutonium from uranium. 
Overhead vapor samples taken at approximately hourly intervals in 
Runs DUP-5 and -6 contained very low levels of plutonium, the average 
of six samples in one case and seven samples in the other being less than 
0.001 wt %. In contrast, calculated feed values were 0.13 and 0.34 wt %, 
respectively. Analyses of these samples, reported in Table 23 as uranium-
to-plutonium ratios, also showed no trend of increasing or decreasing 
plutonium concentration as the run progressed. The ratios ranged from 
0.9 X 10^ to 2.9 X 10^ for Run DUP-5 and from 1.0 x 10^ to 1.8 x lO' for 
Run DUP-6. The analysis of a liquid and a vapor sample from the UF, 
product receiver for Run DUP-6 confirmed the low (<0.001 wt %) plutonium 
content of this stream. The variance of the u / P u ratios was considered 
acceptable at these low plutonium levels. 

TABLE 23. UF, Product -s t ream Analyses 

10"^ X u / P u in Overhead 
Grab Samples 

hr:min 

1:05 
1:18 
2:02 
3:01 
4:01 
5:01 
7:00 
7:34 

Run DUP-5 

Average 

-
1.3 
1.5 
1.2 
2.9 
2.9 
0.9 

-

1.4 

Run DUP-6^ 

0.96 
_ 

9.5 
4 .6 
6.4 

18.0 
1.4 
6.6 

6.8 

Liquid and vapor hexafluoride samples taken 
from the UF, product after transfer from the 
cold traps to a receiver showed U/Pu ratios 
of 7.6 X 10^ and 1.9 x 1 0 \ respectively, and 
are in agreement with these grab-sample data. 



85 

8.5.2 Bed Composition 

Runs DUP-5 and -6 were considered as a unit, since a single 
alumina bed charge was used and run conditions were similar . Samples 
taken from the reactor after the bed had been fluidized but before feed was 
started showed initial plutonium, uranium, and fluoride contents of 0.001, 
0.12, and 0.07 wt %, respectively, as a result of slight contamination from 
the previous experiment. After Run DUP-5, the corresponding values were 
0.46, 0.24, and 0.19 wt %; after Run DUP-6, the values were 1.47, 0.40, 
and 0.68 wt %. The increase in plutonium concentration from ~0.001 to 
0.46 wt % and then to 1.47 wt % represents plutonium accumulations of 
9.2 and 22.6 g. 

Codeposition of uranium appeared to be low at 300°C; about 6 g of 
uranium was deposited in Run DUP-5 and only an additional 3 g in 
Run DUP-6. In contrast, about 30 g was found after the ear l ie r experi­
ment (Run DUP-4), made at 350°C. 

The mechanism by which uranium deposits in this process is not 
understood; thermal decomposition of UF, is not thought to be the cause. 
Uranium hexafluoride is considered reactive and could readily react with 
system impurit ies and the Inconel reactor itself. In any case, this small 
degree of contamination may not be significant in any plutonium recycle 
scheme. In fact, plutonium is likely to be used in combination with uranium 
in applications such as nuclear fuel mater ia ls for power reac tors . 

8.5.3 Separations Efficiency 

The efficiency of separating plutonium from a U F , - P u F , mixture 
was determined by comparing the ratios of uranium to plutonium in the 
feed to those in the UF, product s t ream (see Table 24). The input value 

TABLE 24. 

Stream 

Results of Fluid-bed Thermal-decomposition Studies 

Uranium Plutonium Ratio 

Run DUP-5 Run DUP-6 

Feed 

Final bed 

Off-gas 

UFj product 

Separations 
efficiency. % 

700 

0 6 

0.9 X 10* to 2.9 X 10' 

99,2 to 99.8 

2O0 

0.3'' 

1.0 X 10* to 1.8 X 10' 
6.2 X 10* and 8.9 x 10* (liquid) 

1.9 X 10*(vapor) 

99.7 to 99 99 

^Cumulative value for Runs DtJP-5 and -b. 
^Based on range of off-gas analyses and calculated feed content: 
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was calculated on the basis of the total plutonium found in the - - ^ ^ P/^^ 
that found in the UF, product container. Analysis of the ^ f " " ° J^P;"^ 
samples taken of the flowing UF, product s t ream P--°"'!f ^ * ^ ^ \ " ' ' ° ° , t 
uranium to plutonium in the exit gas. Samples of the UF, in the P - d - t 
receiver for Run DUP-6 provided data that served as a check on the grab 
sample resul ts . 

Input uranium-to-plutonium ratios for Runs DUP-5 and "6 were 
700 and 290, respectively, based on 9.2 g of plutonium accounted f°r i " 
Run DUP-5 and 22.6 g of plutonium accounted for in Run DUP-6. The final 
bed showed the accumulation of these amounts, or 31.8 g of plutonium. 

Separations efficiencies* calculated on the basis of these data 
ranged from 99.2 to 99.8% for Run DUP-5 and 99.7 to 99.99% for Run DUP-6. 

8.5.4 Hexafluoride Material Balances 

Hexafluoride material balances were made for each experiment on 
the basis of the weights of material fed and collected. The bulk constituent 
was the UF,, which was recovered in cold traps and then vapor- t ransfer red 
to new receivers. The amounts of uranium and plutonium in bed and hexa­
fluoride samples were included in these balances. Balances ranged from 
98,7 to 100 5%, as follows; 

Experiment 
No. 

DUP-4 
DUP-5 
DUP-6 

Bed Properties 

N̂  et Input, 
kg 

10.04 
9.32 
9.76 

Net CoUecte 
kg 

9.92 
9.34 
9.71 

!d. 
Material 
Balance, 

% 

98.7 
100,5 
99.6 

The part icle-size distribution appeared to change only slightly during 
the approximately 1 6 hr of operation in Runs DUP-5 and -6; the extreme 
sizes of part icles, +80 and -325 mesh fractions, both showed slight increases. 
The calculated average particle size remained about the same. If the average 
particle size is considered to be about 60 |i, the total amount of plutonium 
involved in these two experiments would represent an average coating 
thickness of only 0.1 (j,. Decomposition on a surface provided by the 
fluidized-bed particles as opposed to gas-phase decomposition appeared to 
be preferential; only 1-2% of the plutonium was found in filter and column 
brushings. 

*, „. . VPuLt"UuJin 
^Separations efficiency = 

ip"Lt 
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S u r f a c e a r e a s d e t e r m i n e d by B r u n a u e r - E m m e t t - T e l l e r (BET) 
m e a s u r e m e n t s * on bed s a m p l e s t a k e n b e f o r e and a f t e r Run D U P - 4 showed 
an i n c r e a s e f r o m 0.17 to 0.22 sq m / g , but the f inal va lue a f t e r two succes- i 
s ive r u n s ( D U P - 5 and -6) wi th the s a m e bed showed a va lue wi th in th i s 
r a n g e , 0.19 sq m / g ; t h e r e f o r e it i s not c e r t a i n that a s ign i f i can t change 
o c c u r r e d . 

It i s diff icult to e x t r a p o l a t e t h e s e da ta to what migh t be e x p e c t e d 
f rom l o n g - t e r m con t inuous o p e r a t i o n s wi th a PUF4 bed, a l though the a l u m i n a 
b a s e m a t e r i a l , a f t e r i t s i n i t i a l coa t ing wi th P u F ^ , can be c o n s i d e r e d a s 
behaving l ike a bed of PUF4. The m a j o r d i f f e r e n c e in m a t e r i a l s would 
p o s s i b l y be the d e n s i t y ( c r y s t a l d e n s i t y of AI2O3 is 3.99 g / c c ; that of PUF4 
is ~ 6 . 5 g / c c ) ; the d e n s i t y of the d e p o s i t e d l a y e r of PUF4 was not d e t e r m i n e d . 

8.5.6 Sampl ing of H e x a f l u o r i d e s 

R e l i a b l e s a m p l i n g of b a t c h e s of m i x e d u r a n i u m - p l u t o n i u m hexaf lu­
o r i d e s r e m a i n s p r o b l e m a t i c a l , b e c a u s e of the i n s t a b i l i t y of P u F , . P a r t i c u l a t e 
PUF4 m a t e r i a l i s p r e s e n t , f o r m e d by the d e c o m p o s i t i o n of P u F , , and the 
p r o b l e m is one of ge t t ing a r e p r e s e n t a t i v e s a m p l e of a v e r y d i lu te s l u r r y . 
The c u r r e n t t e c h n i q u e of u s i n g a r o c k e r a s s e m b l y for mix ing p r o v e d 
i n a d e q u a t e . Vapor s a m p l i n g w a s e x p e c t e d to c i r c u m v e n t the p r o b l e m of 
so l ids i n t e r f e r e n c e and a p p e a r e d p r o m i s i n g , p a r t i c u l a r l y a s the w o r k 
p r o g r e s s e d and the e q u i p m e n t was u s e d r e p e a t e d l y . Ev idence of th i s l i e s 
in the r e s u l t s of the final e x p e r i m e n t (Run D U P - 6 ) ; vapor s a m p l e s a g r e e d 
within about ±10%; p r e v i o u s l y , d i f f e r e n c e s r a n g e d f rom a f ac to r of two to 
s e v e r a l o r d e r s of m a g n i t u d e . P r o p e r p r e t r e a t m e n t of l ines and equ ipmen t 
with P u F , a s a f luo r ina t ing agent m a y be n * c e s s a r y be fo re s a m p l i n g 
b e c o m e s r e l i a b l e . 

S a m p l i n g r e s u l t s depend a l s o on the c o m p l e t e n e s s of h y d r o l y s i s of 
the s a m p l e s in the gas b u l b s . A l a b o r a t o r y s h a k e r , which was modif ied 
to hand le the s a m p l e b u l b s , was i n s t a l l e d in the l a r g e a lpha box to f ac i l i t a t e 
the h y d r o l y s i s work . A n a l y s i s of s u c c e s s i v e r i n s e s with the s t a n d a r d 
h y d r o l y s i s so lu t ion showed tha t l i t t l e add i t i ona l p lu ton ium was being r e c o v ­
e r e d by r i n s i n g , i nd i ca t i ng tha t h y d r o l y s i s t e c h n i q u e s w e r e s a t i s f a c t o r y . 
M o r e than 99% of the p lu ton ium (and u r a n i u m ) was r e c o v e r e d in the i n i t i a l 
h y d r o l y s i s , e x c e p t for v e r y l o w - l e v e l s a m p l e s con ta in ing 0.001 to 0.005 mg 
of p l u t o n i u m p e r s a m p l e . In t h e s e c a s e s , r i n s e s con ta ined 10-50% of the 
amoun t of p l u t o n i u m found in the o r i g i n a l h y d r o l y s i s so lu t ion . The h y d r o l y ­
s i s p r o c e d u r e tha t evo lved i s p r e s e n t e d in Appendix G. 

*A Perkin-Elmer-Shell Model 212 Sorptometer (Perkin-Elmcr Corp., Norwalk, Conn.) was used. 
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8.6 Discussion 
8.6.1 Maximum PUF4 Separation as Calculated from Equilibrium 

Considerations 

The maximum separation of plutonium from the U F , - P u F , feed is 
determined by the equilibrium of the reaction P u F , -* PuF^ + F j . Since 
there are three temperature zones in the reactor (300°C in the bed zone, 
lOCC in the filter zone, and a thermal transition zone between these two), 
the equilibrium shifts as the gas passes through the column. Decomposition 
occurs rapidly at the temperature of the bed, but is further promoted in 
the transition zone by the equilibrium shift. 

Calculations of the maximum PUF4 separation were based on the 
final experiment (Run DUP-6), since it involved the largest amount of 
plutonium. Considering only the bed zone, the equilibrium uranium-to-
plutonium ratio was calculated to be 9.2 x 10*. Using a calculated feed 
value based on the final bed analyses, we obtained a separation efficiency 
of 99.7%. Since the actual off-gas analyses showed ratios of ~1 x 10^ to 
2 x 10' for the uranium-to-plutonium ratio, giving observed separation 
factors greater than 99.9%, further decomposition may have occurred in 
the gas phase. By direct extrapolation to a fas t - reactor case involving 
20 wt % plutonium feed, calculations give a separation efficiency of 99.5% 
for similar operating conditions, except that higher temperatures may be 
required. 

Gas residence time in the bed in the present work, as determined 
from the superficial gas velocity of 0.15 ft /sec at column conditions, was 
less than 10 sec, and equilibrium was considered attained. For comparison, 
the minimum residence time to reach equilibrium at 300°C, as determined 
from work by Trevorrow,'^ is about 15 sec. A combination of process 
parameters that will maximize gas residence time and increase the 
efficiency of gas-solid contact is thus needed for good separat ions. Var i ­
ables such as bed temperature, par t ic le-s ize distribution, gas velocity, and 
feed concentration (diluent effect) are important in optimizing this p rocess . 

8.6.2 Effect of Surface Area 

A good correlation between the surface area available in a given 
bed-size fraction and the amount of uranium in that fraction was found in 
Run DUP-4, although the mechanism for uranium deposition is not known. 
Bed samples were not analyzed for plutonium, since very little plutonium 
was present, nor was the analysis for plutonium performed in subsequent 
experiments. However, since thermal decomposition of the PUF4 also 
resulted in deposition on the bed-particle surfaces, one may assume a 
similar correlation for plutonium. 
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The u r a n i u m conten t in th i s c a s e was about 1.5%, about equa l to the 
final p lu ton ium conten t of the bed a f te r Run D U P - 6 . The f inal bed f r o m 
Run D U P - 4 was d iv ided in to t h r e e p o r t i o n s , the +170 m e s h f r ac t i on , the 
-170 +325 m e s h f r a c t i o n , and the - 3 2 5 m e s h f r a c t i o n . A v e r a g e p a r t i c l e 
d i a m e t e r s for t h e s e f r a c t i o n s w e r e 132, 66, and 22 (i, r e s p e c t i v e l y , a s 
d e t e r m i n e d by a v e r a g i n g s i e v e s i z e s . F r o m t h e s e v a l u e s , the c o r r e s p o n d i n g 
r e l a t i o n s h i p of s u r f a c e a r e a s i s a p p r o x i m a t e l y 0 .46 :0 .91 :2 .73 ; t h e s e a r e in 
the r a t i o of 1:2:6. Upon a n a l y s i s of the t h r e e f r a c t i o n s , the u r a n i u m con­
t en t s w e r e found to be in a 1:2:3.7 r e l a t i o n s h i p , a p p r o a c h i n g tha t of the 
s u r f a c e - a r e a r a t i o . D e p o s i t i o n thus a p p e a r e d to be d i r e c t l y a s s o c i a t e d 
with the a v a i l a b l e s u r f a c e a r e a . 

8.6.3 P l u t o n i u m D e c o n t a m i n a t i o n f rom R u t h e n i u m and Molybdenum in 
the T h e r m a l - d e c o m p o s i t i o n P r o c e s s 

The b e h a v i o r of f i s s i on p r o d u c t s in the t h e r m a l - d e c o m p o s i t i o n 
p r o c e s s i s of i n t e r e s t in r e c o v e r y p r o c e s s e s for p lu ton ium. In the c u r r e n t 
p r o c e s s , r u t h e n i u m and m o l y b d e n u m * f l u o r i n a t e d along with the u r a n i u m and 
p lu tonium to a v o l a t i l e f l uo r ide f o r m . A f r ac t i on of th i s r u t h e n i u m and 
m o l y b d e n u m was p r e s e n t in the feeds to the d e c o m p o s e r , having been 
t r a n s f e r r e d out of the cold t r a p s wi th the U F , and P u F , at 80' 'C. ( U n i m p o r ­
tant to the p r e s e n t d i s c u s s i o n , but p e r h a p s of fu ture i n t e r e s t , i s tha t a 
f r ac t ion of the m o l y b d e n u m and r u t h e n i u m r e m a i n e d in the cold t r a p s 
as f l u o r i d e s of l o w e r vo l a t i l i t y . ) 

R u t h e n i u m a n a l y s e s w e r e given m o r e a t t en t ion in th i s i n v es t i g a t i o n , 
s i n c e th i s e l e m e n t r e p r e s e n t s a l ong- l ived g a m m a - a c t i v e c o n t a m i n a n t tha t 
would be of c o n c e r n in fuel r e f a b r i c a t i o n ; r t iolybdenum m a i n l y r e p r e s e n t s 
a m e t a l l i c i m p u r i t y . As d e t e r m i n e d by a n a l y s i s of the U F , in the p r o d u c t 
r e c e i v e r s , a p p r o x i m a t e l y 5.2 ± 2.6 g of r u t h e n i u m was fed to the d e c o m p o s e r 
dur ing Runs D U P - 5 and - 6 a long wi th the 31 g of p lu ton ium. A n a l y s i s of 
bed s a m p l e s by a s e n s i t i v e s p a r k - s o u r c e m a s s - s p e c t r o m e t r i c me thod at 
the Rocky F l a t s L a b o r a t o r y showed r u t h e n i u m va lue s of 0.2 ppm, equ iva l en t 
to 0.0008 g of r u t h e n i u m for the t o t a l bed con ten t . Based on t h e s e input and 
output v a l u e s , inc lud ing a 50% u n c e r t a i n t y in the input va lue , d e c o n t a m i n a t i o n 
f a c t o r s of 10^ to 1 O'* for r u t h e n i u m w e r e r e a l i z e d , which a r e c o n s i d e r e d 
s a t i s f a c t o r y . 

S i m i l a r l y , s u b s t a n t i a l a m o u n t s of m o l y b d e n u m w e r e found in the U F , 
p r o d u c t r e c e i v e r s in a l l t h r e e e x p e r i m e n t s . C o n s i d e r i n g da ta f r o m only 
the l a t t e r two e x p e r i m e n t s , the U F , p r o d u c t con ta ined about 23 g of 
m o l y b d e n u m whi le the f inal bed con ta ined l e s s than 0.2 g. (Bed a n a l y s i s 
showed < 0 . 0 1 wt %, the l i m i t of the a n a l y t i c a l me thod u s e d . ) T h e s e v a l u e s 
give a d e c o n t a m i n a t i o n f ac to r g r e a t e r than 10^ for m o l y b d e n u m . T h e s e 

These fission products were among the 19 inactive F.P. oxides added to the synthetic oxide fuel charged 
to the fluorinator. 
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as a means 1- t-»i-nmise as a rijcano 
results suggest that the decomposition process shows prom Fur ther 
of partial i? purifying PuF, s t reams from undesirable contaminants. Fur t 
investigations are recommended to confirm these resul t s . 
8.7 Conclusions 

Thermal decomposition by a fluid-bed technique appears satisfactory 
for separating plutonium as PUF4 from PuF , -UF, mixtures fince the 
decomposition occurs preferentially on surfaces, the use of fluid beds for 
this process is attractive in that the bed represents a medium with a large 
surface area. Furthermore, the process can be made continuous, and the 
product is uniform. 

Bed temperatures of 300-350°C appear adequate for low-plutonium-
content (-0.5 wt %) feed materials . Higher temperatures may be needed 
for plutonium-rich systems, such as the 20 wt % plutonium mater ia ls 
contemplated for fast-reactor fuels. Separation of plutonium from other 
volatile fluoride contaminants, such as F.P. ruthenium, appears possible 
by the thermal-decomposition process and should be explored further. 

9. RECOVERY OF PLUTONIUM DEPOSITED 
IN LINES AND EQUIPMENT 

9.1 Introduction 

Plutonium tetrafluoride can be deposited in lines and equipment by 
alpha and thermal decomposition of PuF , or by chemical reaction of PuFj 
with metal or a chemical compound. Studies of the rate of decomposition 
by alpha decomposition showed that the rate varied from O.O6 to 1.8% per 
day for PuF , in the gas phase. The rate decreased with t ime, in the 
presence of helium or krypton, and with lower vapor p re s su re of the PuF , . 
Decomposition in the solid phase has been estimated to be 1.5% per day. 
In our experiments, the largest quantities of PUF4 produced from alpha 
decomposition of PuF, would be recovered from the equipment holding the 
PuF,-- the cold traps and the product containers. 

The amount of PuF , decomposed thernially is a function of time, 
temperature, and the amount of PuF , and fluorine present . Under some 
conditions, but not those used in the pilot-plant experiments, very high 
decomposition rates , above 95% per day, are poss ib le . " In the pilot plant, 
PuF , might be thermally decomposed in the fluorinator when the fluorine-
nitrogen-PuF, mixture leaving the fluidized bed at 500°C is cooled to 150°C 
before being passed through the fluorinator fi l ters. As noted in Sec­
tion 7.3.3.6, little (<0.1%) of the plutonium decomposes as PUF4 by this 
mechanism and collects on the f i l ters . 
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The fraction of P u F , converted to PUF4 by chemical reaction alone 
during these studies can be assessed if the amounts contributed by alpha 
and thermal decomposition can be isolated. Because P u F , is a strong 
fluorinating agent, reaction with mater ia ls of construction and chemical 
compounds (uranium oxides and fluorides, F .P . fluorides or oxyfluorides) 
is likely. 

9.2 Procedures and Conditions 

For recovering PUF4 deposited by decomposition or chemical reac­
tion of the PuF, , the equipnnent and the process line were heated to about 
300°C while fluorine was recycled through the system. The PuF , formed 
was sorbed on NaF placed in containers located strategically so that the 
amounts of P u F , collected could be assigned to specific items of equipment. 

The PUF4 cleanup fluorinations were made after Runs Pu-3 , -6 
(fluorinator filters only, since the cold t raps were not used), -13, -14, and 
-15. The fluorination t ime- tempera ture conditions of the first cleanup run 
are shown in Table 25. Sorption t raps were analyzed after a rb i t ra ry periods 
of 8, 25, and 24 hr . A separate period (Period 4) was used during the cleanup 
of the hexafluoride transfer line. Temperatures in some cases were less 
than the desired 300°C, because of heater problems, which were later solved. 
In the first cleanup run, the fluorination was interrupted after 8 and 33 hr 
to replace the NaF sorption t raps so that information could be obtained on 
the rate of plutonium removal from the equipment. On the basis of data 
obtained, a fluorination time of 12 hr was used in other cleanup runs. 

TABLE 25. Plutonium Cleanup Runs (Pu-4 and Pu-51. • Summary ol Fluonnalion Times 
and Approximate Average Equipment*remperatures 

Period 2 

Time(hr) 

Temp of Equipment ("Cl 

Fluorinator 

Primary inters lor fluorinator 

Secondary lilter for fluorinator 

Cold-trap A 

Cold-trap B 

Hexafluoride transfer line^ 

Hexafluoride receiver f^. 1 

Hexafluoride Receiver No. 4 

Hexafluoride Receiver No. 5 

Inlet line of Ihermal decomposer (converter) 

IS 20 » 30 

- 4 « -

- ! t O -

-300-

-300-

— 3S0-

- ~ 3 5 0 -

OECIEISIIIC DECKEISIK 
<IOO(- IM- l -B l ' - i - ! l 5+350- IM-t -350 - t - IO 150—I 

<IOO+l lS - ( -«T-H454330+3IO- l -3S5-

l40+!IO-t265-l 330 — 

<IOO-t-ll5-l-!T'4<IOO( 150 

- 4 4 5 -

- 2 0 0 -

— 2 0 0 -

- - 5 5 0 -

- - 3 5 0 -

•The main fluorinator reaction zone containing the alumina bed was tieated to 550*0 for 15 hr during the cleanup ol the tied 
(Run PU-3AI tiefore Run Pu-4. The primary filters «ere heated to about 300°C lor the last 6 hr of Run Pu-3A. 

••At ambient temperature of alpha box; equipment not heated. 
'Fluorinated during a separate cleanup period. Period 4 (see Table 261. 
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After the cleanup fluorination, the NaF-fiUed traps were removed 
and sampled. The NaF was removed from the equipment area, and the 
equipment was then surveyed with neutron meters to locate any plutonium 
deposits; when the neutron counting rate was near background, the equip­
ment was considered to be free of plutonium. 

9.3 Results and Discussion 

Detailed data from the first cleanup run (Table 26) show the amounts 
of plutonium removed in successive fluorination periods from the different 
equipment i tems. Most of the plutonium was recovered within 33 hr. On 
the basis of the results, the quantities of plutonium that had deposited in the 
equipment in the course of the initial campaign may be categorized as small, 
intermediate, or large as follows: 

a. Small (• l̂ g or less)--l ines and secondary filter (probably as a 
result of reaction with the nickel equipment). 

b. Intermediate (several grams)--product rece ivers , pr imary 
filters. 

c. Large (decagrams)--cold t raps . 

T A B L E 26. P l u t o n i u m D e p o s i t s R e c o v e r e d in F l u o r i n a t i o n C l e a n u p R u n s 

P l u t o n i u m R e c o v e r e d , e 

T o t a l fo r 
P e r i o d 1 P e r i o d 2 P e r i o d 3 P e r i o d s 1-3 , 
of 8 h r of 25 h r of 24 h r 57 h r 

F l u o r i n a t o r i n c l u d i n g 
p r i m a r y f i l t e r s 1.8 0.1 0 .3 2 . 2 ^ 

< 0 . 2 >• 2 4 . 3 

N e g l . N e g l . 

9.3 

In le t l ine of t h e r m a l 

d e c o m p o s e r O.E - 0 2 

S e c o n d a r y f i l t e r for 
f l u o r i n a t o r and l i ne 

Cold t r a p A ' ' 

Cold t r a p B ' ' 

H e x a f l u o r i d e t r a n s f e r l i ne 

H e x a f l u o r i d e r e c e i v e r s 
( to t a l of t h r e e ) 

0 .3 

4 . 0 

6.8 

Ne g l . 

0.1 

11.4 

1.5 

N e g l . 

9 .3 

S u b t o t a l 

H e x a f l u o r i d e t r a n s f e r l i ne 
{49 .5 -h r P e r i o d 4) 

36 .0 

36.9» 

An a d d i t i o n a l 8.1 g w a s r e c o v e r e d f r o m the f i l t e r s d u r i n g t h e l a s t 6 h r of 
^ c l e a n u p Run P u - 3 A ( c o n d u c t e d on t h e a l u m i n a b e d f r o m Run P u - 3 ) . 

Cold t r a p A w a s f i r s t in l ine for R u n s P u - 1 a n d -2 a n d s e r v e d a s a b a c k u p 
to co ld t r a p B for Run P u - 3 . C o l d t r a p B w a s f i r s t in l i n e fo r R u n P u - 3 
and s e r v e d a s a b a c k u p t o c o l d t r a p A for R u n s P u - 1 a n d - 2 . 



93 

T h e q u a n t i t y of p l u t o n i u m r e c o v e r e d f r o m t h e c o l d t r a p s w a s o v e r 

2 0 % of t h a t c h a r g e d i n t h e o x i d e p e l l e t s . T h e p l u t o n i u m r e c o v e r e d f r o m 

t h e f l u o r i n a t o r f i l t e r w a s p r o b a b l y P U F 4 t h a t h a d b e e n e l u t r i a t e d f r o m t h e 

b e d a n d n o t d i s l o d g e d b y b l o w b a c k of t h e f i l t e r s . T h e a m o u n t s r e c o v e r e d 

f r o m o t h e r i t e m s r e f l e c t p l u t o n i u m d e p o s i t e d b y a l p h a d e c o m p o s i t i o n ( a n d 

p o s s i b l y c h e m i c a l r e a c t i o n ) , w h i c h i s a f u n c t i o n m a i n l y of t h e a m o u n t of 

P u F , p r e s e n t a n d t h e t i m e . 

T a b l e 2 7 s u m m a r i z e s t h e a m o u n t s of p l u t o n i u m r e c o v e r e d f r o m t h e 

d i f f e r e n t e q u i p m e n t i t e m s i n a l l c l e a n u p r u n s . R e c o v e r e d a m o u n t s v a r i e d 

f r o m 8 t o 3 6 % of t h e p l u t o n i u m c h a r g e d i n a g i v e n e x p e r i m e n t . T h e h i g h e s t 

p e r c e n t a g e i s f o r t h e f i r s t c l e a n u p r u n , i n w h i c h t h e P u F , w a s k e p t i n t h e 

c o l d t r a p s f o r a l o n g e r t i m e t h a n i n s u c c e e d i n g r u n s . In l a t e r r u n s , t h e 

P u F , w a s t r a n s f e r r e d f r o m t h e c o l d t r a p s t o s o r b e n t N a F a l m o s t i m m e d i a t e l y 

a f t e r t h e r u n . A l s o c o n t r i b u t i n g t o t h e h i g h p e r c e n t a g e v a l u e f o r t h e f i r s t 

c l e a n u p r u n w a s t h e t r a n s f e r of P u F , w i t h U F , t o p r o d u c t c o n t a i n e r s , w h e r e 

t h e P u F , w a s s t o r e d u n t i l u s e d a s f e e d f o r t h e r m a l - d e c o m p o s i t i o n e x p e r i ­

m e n t s . D u r i n g t h e s t o r a g e p e r i o d , c o n s i d e r a b l e p l u t o n i u m d e c o m p o s e d . 

A l s o , s o m e P u F , ( a n u n k n o w n q u a n t i t y ) w a s r e a c t i n g w i t h t h e n e w m e t a l 

s u r f a c e s of t h e e q u i p m e n t , a n d t h i s p r o b a b l y c o n t r i b u t e d t o t h e h i g h p e r ­

c e n t a g e r e c o v e r e d f r o m e q u i p m e n t a f t e r t h e f i r s t r u n . 

TABLE 27. P lu ton ium Col lec ted f rom Equipment I t ems in P lu ton ium Cleanup Step 

Cleanup Step Following Run 

Equipment I t em P u - 3 P u - 6 P u - 1 3 P u - 1 4 P u - 1 5 

F l u o r i n a t o r f i l te r , g 10.3 a 2.7 3.2 

Cold t r a p s , g Z3.9 

Misc . l ines and s e c o n d a r y f i l t e r , g 1.5 Not used 26.4 1.0 0.6 

P r o d u c t c o n t a i n e r s , g 9.3 Not used 

Tota l , g 45.0 26.4 3.7 3.8 

P lu ton ium c h a r g e d , g 123.8 100.4 351.7 19.2 21.4 

P e r c e n t of p lu ton ium c h a r g e d 36 - 8 19 18 

^Not co l l ec t ed s e p a r a t e l y . The P u F , f rom both the f luor inat ion per iod and the 
p lu tonium c leanup pe r iod w e r e co l lec ted on the s a m e bed of NaF . 

A f t e r t h e p l u t o n i u m c l e a n u p f l u o r i n a t i o n , o n e of t h e 4 - i n . - d i a 

p r o d u c t c o n t a i n e r s w a s s e c t i o n e d , i t s i n s i d e m e t a l s u r f a c e w a s w a s h e d 

w i t h d i l u t e H N 0 3 - A 1 ( N 0 3 ) s o l u t i o n , a n d t h e w a s h i n g s w e r e a n a l y z e d f o r 

p l u t o n i u m . F r o m t h e d a t a o b t a i n e d , t h e p l u t o n i u m s u r f a c e c o n c e n t r a t i o n 

w a s c a l c u l a t e d t o b e o n l y 0 . 2 t o 1.2 m g / s q ft. 

N e u t r o n s u r v e y d a t a i n d i c a t e t h a t t h e e q u i p m e n t w a s f r e e of p l u t o ­

n i u m d e p o s i t s . F r o m t h e s e a n d m a t e r i a l b a l a n c e d a t a , i t w a s c o n c l u d e d 

t h a t p l u t o n i u m c o u l d b e r e m o v e d e a s i l y f r o m s u r f a c e s of t h e e q u i p m e n t b y 

f l u o r i n a t i o n a t 3 0 0 ° C . 
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Pretreatment of the equipment with some ^ ^ - " 8 / ! " ° " " ^ ^ ^ ^ ^ ^ ; : * 
is recommended to minimize interaction and ^-^^^^'''^^"\l''^°''J'ZtIrl 
(as PUF4); CIF3 may be convenient for this purpose. In the P - " - - " ^ ; " ^ ; ' 
however a CIF3 treatment in addition to the prefluorination ^ ^ h f - -
did not appear to affect the level of interaction with the equipment surfaces, 
which remained small. 

10. PLUTONIUM MATERIAL-BALANCE DATA 

In the course of fluorination experiments involving charges of 20 to 
100 g of Plutonium, 635 g of plutonium was introduced into the fluorinator 
system in the following materials: 

103 g as unirradiated 0.5 wt % PuOj-UOz-F.P. pellets (Runs Pu-1 
to -3) 

410 g as PUF4 powder (Runs Pu-6, -10, -11, and -13) 
41 g as PUF4 in the beds resulting from oxidation and B r F ; fluori­

nation of unirradiated 5 wt % PUO2-UO2-F.P. pellets 
(Runs Pu-14 and -15) 

81 g as a PuF, "spike" in a fluid-bed thermal-decomposit ion 
experiment (DUP-6) and in transfer experiments (Pu-9) 

635 g Total 

A separate plutonium material balance was made after Runs Pu-3 , 
-6, -13, -14, and -15 (i.e., after each plutonium cleanup run). These data 
are shown in Table 28. Figure 32 presents additional data for the oxide 
pellet fluorination runs (Pu-1, -2, and -3) and thermal-decomposit ion 
runs (DUP-4, -5, and -6). 

Plutonium Material Balances 

Pu-1 through -3 Pu-6 Pu-10 Pu-11 Pu-12 and -13 Pu-14 Pu-15 Total 

Plutonium Charged 

AI2O3 bed o( previous laboratory runs 
As pellets, PUF4. or in BrFj resiilues 
PuF^ spike added to PuF^ product of Run Pu-3 
PuFfi charged m transfer eKperimenI 

Total plutonium charged 

Plutonium Recovered 

Volatilized Plutonium 
Sorbed on NaF during fluorination step 
Collected in cold trap and then transferred to NaF or us 

in I herma I-decomposition enperiments 
Collected in PuF^ Iransler experiment 

In product container and in NaF backup trap 
Collected in NaF and AI2O3 of(-gas traps 
Collected in plulonium cleanup step 

From fluorinator filler and disengaging lones 
From secondary filter, cold trap, and connecting line 

Nonvolatilized plutonium 
In bed samples 
In bed dumped Irom fluorinator 
From brushing walls and cleaning lines of fluorinator 
Miscellaneous 

Total recovered 
Accounled for, % 

1.6 

im.o 

100.4 103.6 101.3 

58.5 67 8 571 
8 7 15 0 

a67 a 65 
105.3 18.51 2a 73 

1 « 
2.n 
1.03 

a 19 
0.45 

0.34 
22.77 

11! 

OM 
3 22 
0.38 

0.17 
1.01 

0.10 
24.74 

116 



N a F - F l L L E D CONTAINER 

Pu RECOVERED, g 

RECYCLE LOOP 

A I J O 3 - F I L L E D T R A P 
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CLEANUP 

MISCELLANEOUS 

- H E X A F L U O R I D E 
RECEIVERS 

DIAPHRAGM PUMP 

Fig 32. Location of Plutonium after Runs Pu-1 through -3. ANL Neg. No. 308-475 Rev. 1. 
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Of the 544 g of Plutonium fluorinated, over 90% was " Y ^ l i r - ^ L f s ' 
during fluorination operations and this, plus the 81 g adde ^^^^^i^ted 
transported through the pilot-plant system of filters, valves, ^" 
piping to cold traps and subsequently to NaF sorption traps - P/"^^'^; " " ^ . 
tafners. About 8% of this 90% was recovered in the cleanup step - ^ r ep re 
sents Plutonium decomposed by radiation or thermal ' " ^ f ^";,^""'' " , ^ ' ! „ 
with metal or compounds, or elutriated from the fluidized bed ° J^ ^ f ^^^ 
during the fluorination run. Of the 10% of the plutonium not ^°'f'l^^^'J^°'' 
was contained in the alumina bed samples and in the final bed of the fluori 
nator. As determined by neutron surveys, little plutonium remained in the 
equipment after Run Pu-15. 

The material-balance data show that 97% was accounted for in these 
runs This value was considered satisfactory, since with sampling tech­
niques and with our analytical e r ro r s , a balance within the 96-104% range 
is acceptable. Experimental details and results of the sampling test to 
support this conclusion are given in Appendix H. In the sampling test , two 
separate quantities of NaF containing 1.9 and 0.06% plutonium were riffled 
and sampled six times, and each sample was analyzed three t imes to 
establish the sampling er ror . 

Table 29 shows sampling-error data for both input and output solids 
with the amounts of plutonium handled and the percent accounted for. In the 
runs in which most of the plutonium was handled (Pu-6 and also Pu-9through 
-13), satisfactory balances were obtained. The balance for the first set of 
runs (Pu-1 through -3) shows only 88% accounted for, but in this case the 
variability in the plutonium content of the pellets in a given batch and among 
batches precluded obtaining an accurate value for plutonium input (as d is ­
cussed in Appendix A). Therefore, the balance was based on an input plu­
tonium value of 0.49 wt %, which was specified for the fabrication of the 
pellets. In Runs Pu-14 and -15, larger amounts were accounted for than 
were added: 119 and 115%. Here the input analysis data show high standard 
deviations at the 95% confidence interval, and more samples should have 
been analyzed. Since relatively small amounts of plutonium were involved, 
the high accountability (119 and 115%) may be due to recovering a few grams 
of unrecovered plutonium from earl ier runs. 

TABLE 29. S u m m a r y of Informat ion Avai lable on E r r o r s in Sampl ing and 
Analyzing Input and Output P lu ton ium-con ta in ing M a t e r i a l s 

Amount of 
Plu tonium P e r c e n t of P lu tonium 

Run 

Pu-1 to -3 
P u - 6 

P u - 9 to -13 
Pu-14 
Pu-15 

Handled, g 

123.8 
100.4 
370.7 

19.2 
21.4 

Accounted F o r 

88 
99 
96 

119 
115 

Analy t ica l and Sampling S tandard Devia t ion fS'^o C.I.) 

Input M a t e r i a l s Output \ 1 a t e r i a l s 

<2% ( l abora to ry s t anda rd devia t ion) ±4% 
<2% ( l abo ra to ry s t a n d a r d devia t ion) ±4% 
<2% ( l abora to ry s t a n d a r d devia t ion) ±4% 

±10%^ ±4% 
±5%^ ±4% 

^Analys is of four s a m p l e s , 95% confidence i n t e r v a l . 
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A P P E N D I X A 

N o n d e s t r u c t i v e T e s t for P l u t o n i u m Conten t of P e l l e t s 

E a r l y a n a l y s e s of the U O ^ - P u O ^ - F . P . p e l l e t s f l u o r i n a t e d in Runs 
P u - 1 , - 2 , and - 3 showed tha t the p l u t o n i u m and F . P . c o n c e n t r a t i o n s v a r i e d 
w ide ly f r o m p e l l e t to p e l l e t . A n a l y s i s of a suf f ic ient ly l a r g e n u m b e r of 
p e l l e t s w a s d e s i r a b l e to e s t a b l i s h the p l u t o n i u m c o n c e n t r a t i o n r a n g e a c ­
c u r a t e l y . A n a l y s i s of p e l l e t s by wet (d i s so lu t ion) m e t h o d s was d e s t r u c t i v e 
and t h e r e f o r e not a t t r a c t i v e e c o n o m i c a l l y . The b a s i s for the n o n d e s t r u c ­
t ive t e s t w a s the m e a s u r i n g of the g a m m a r a d i a t i o n e m i t t e d by Am. 

CORK RETAINER 

GLASS TUBE 
WRAPPED 

IN PLASTIC FILM 

NUCLEAR DATA Z5« 
SINGLE-CHANNEL 

ANALYZER 

F i g u r e A . l shows the 
m e t h o d of moun t ing the pe l l e t b e ­
fore m a k i n g the g a m m a - r a d i a t i o n 
count wi th a s o d i u m iodide (Nal) 
d e t e c t o r and a N u c l e a r Data 256 
s i n g l e - c h a n n e l a n a l y z e r . * The 
pe l l e t was conta ined in a g l a s s 
tube , which was w r a p p e d wi th a 
p l a s t i c f i lm. Cotton p lugs held the 
pe l l e t in pos i t ion ins ide the tube . 
The g l a s s tube was pos i t ioned 
above the coun te r head on a b r a s s 
p l a t e , which had a g r a d u a t e d s c a l e 
for c e n t e r i n g the pe l l e t . A s l i t in 
the p la te a l lowed r a d i a t i o n to p a s s 
to the Nal d e t e c t o r head . The Scim-
ple was m o v e d to a l ead e n c l o s u r e 
be fo re being counted . E a c h pe l l e t 
was counted twice for a 10-min 
p e r i o d . Ten p e l l e t s w e r e s e l e c t e d 
f r o m e a c h of the 12 b a t c h e s p r o c ­
e s s e d in Runs P u - 1 , - 2 , and - 3. 

Fig. A.l. Oxide Pellet Mounting and Positioning 
for Gamma Counting The g a m m a - c o u n t i n g r e ­

su l t s (given in Tab le A . l ) show 
tha t t h e r e w a s c o n s i d e r a b l e v a r i a t i o n among p e l l e t s of a given b a t c h and 
a m o n g the m e a n s of the 12 b a t c h e s . F o r the 10 s a m p l e s of e a c h ba tch , the 
e r r o r in the e s t i m a t e of the m e a n (95% confidence in t e rva l ) is a m i n i m u m 
of ±0 .6% and a m a x i m u m of ±15%. U the two h ighes t e r r o r e s t i m a t e s 
(±15.0 and ±6.0%) a r e e l i m i n a t e d , the r a n g e of the r e m a i n i n g e r r o r e s t i ­
m a t e s i s ±0.6 to ±1.7%. If the m e a n s of al l the b a t c h e s a r e c o m p a r e d , the 
e r r o r in the e s t i m a t e of the m e a n of the b a t c h e s aga in at the 95% confi­
d e n c e i n t e r v a l is 31%, wh ich is e x c e s s i v e l y high. 

•product of Nuclear Data Co., Inc., Schaumburg, Illinois. 
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TABLE A.l . Gamma Count Rate (103 counls/min) Ottained from U0?-0.5 wl % PuO? 
Feed Pellets Processed in Runs Pu-1 through -3 

Pellet No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Batch mean 

Estimate of 
error from the 
mean 95»C.I.. * 

Mean, all pellets-

Estimate of error 

20 

7.794 

7.758 

7.583 

7.720 

7.710 

7.670 

7.733 

7.744 

7.747 

7.783 

7.73 

±0.6 

-9.96 

24 

9.92 

10.8 

10.2 

153 

10.4 

10.1 

15.7 

153 

10.4 

10.8 

11.89 

±150 

13 

8,43 

8.35 

8.39 

8.13 

7.96 

8.28 

8.33 

8.32 

8.24 

8.32 

828 

±1.2 

from the mean, 95% C.I.--±31% 

19 

8.43 

8.31 

8.39 

8.45 

8.29 

8.44 

8.36 

8.38 

8.36 

8.11 

8.35 

±0.8 

10 

10.86 

10.85 

10.65 

10.83 

10.95 

11.00 

11.00 

10.79 

10.96 

10.74 

10.86 

±0.8 

Batch 

17 

10.07 

10.14 

10,15 

10,11 

10.13 

10.12 

10.41 

10.45 

10.15 

1032 

10.21 

±0.9 

25 

9.261 

9,408 

9.494 

9.192 

9.359 

9.679 

9.405 

9158 

9.460 

9.395 

938 

±1.3 

33 

10.22 

10.13 

1024 

1032 

10.13 

10.13 

1013 

1290 

1020 

1010 

1045 

±6.0 

2 

10.80 

1082 

10,87 

1004 

1089 

1082 

10,86 

1075 

10.82 

1083 

1075 

±1.7 

5 

1091 

1098 

1059 

1078 

10,69 

1085 

11,08 

10,95 

11,18 

1087 

10,89 

±08 

7 

9,961 

1041 

9,784 

1010 

9,980 

1026 

9989 

1O09 

10,20 

lOOO 

1O08 

±1,2 

4 

1047 

10,89 

1060 

10.51 

10.65 

1086 

1074 

1086 

1072 

1056 

1069 

±1.9 

Eleven of the 120 pellets that had been counted were selected for 
wet analysis to obtain a correlation between the gamma count and the con­
centration of plutonium in the pellet. A line having a l eas t - squares fit was 
drawn through the data plotted in Fig. A.2. Considerable scat ter is appar­
ent, and no satisfactory conclusion can be made. For the average gamma 
count of 9,960 counts/min, the plutonium concentration of the pellet would 
be 0.54%, or higher than the 0.49% the pellets supposedly contained. This 
high value is unlikely, since the pellets were made by weight additions. 
Therefore, for material-balance calculations, it was assumed that the plu­
tonium concentration was 0.49%, the original concentration specified to 
the manufacturer. 

1,10 
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Fig. A.2 

Least-squares Plot of Pellet Gamma 
Count Rate vs PUO2 Concentration 
Obiained from Wet Analysis 

11.000 13,000 

*'Am GAMMA COUNTS/mIn 
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A P P E N D I X B 

L e a k T e s t i n g of the F l u o r i n a t i o n S y s t e m 

The n e e d for having p r e s c r i b e d l i m i t s on the r a t e of l e ak ag e f r o m 
the f l u o r i n a t i o n s y s t e m is a p p a r e n t , s i n c e l e a k a g e of P u F j could c a u s e the 
p l u t o n i u m c o n c e n t r a t i o n in a i r l eav ing the bui ld ing to e x c e e d the m a x i m u m 
p e r m i s s i b l e c o n c e n t r a t i o n . * C r i t e r i a for e s t a b l i s h i n g t h e s e l i m i t s w e r e 
b a s e d on the fol lowing a s s u m p t i o n s : 

1. M a x i m u m l e a k r a t e s a c c e p t a b l e at 15 ps ig f rom the i so l a t ab l e 
e q u i p m e n t s e c t i o n s and t h e i r a p p r o x i m a t e v o l u m e s 

a. 10 c c / m i n f r o m the i n l e t - g a s s y s t e m (1400-cc vo lume) , 
the f l u o r i n a t o r (24,000 cc) , o r the f l u o r i n a t o r of f -gas and 
s e c o n d a r y f i l t e r s y s t e m (2000 cc ) . 

b . 30 c c / m i n f r o m the p r o c e s s off -gas t r a p p i n g s y s t e m 
(60,000 c c ) . (Note: The p r o c e s s off -gas t r a p p i n g s y s t e m 
shou ld con ta in no vo la t i l e p lu ton ium. T h e r e f o r e , the l i m i t 
for l e a k r a t e f r o m th i s s y s t e m was r a i s e d f rom 10 to 

30 c c / m i n . ) 

2. Amount of p lu ton ium f luo r ina ted : 50 g / b a t c h 

3. F l u o r i n a t i o n t i m e : 18 h r 

4. Voluine of gas p a s s i n g t h r o u g h f luor ina t ion s y s t e m du r ing 
run: 2 s c f m 

6. P l u t o n i u m c o n c e n t r a t i o n in gas s t r e a m : 100% 

6. P l u t o n i u m i so tope f l uo r ina t ed : 239. 

F r o m t h e s e a s s u m p t i o n s , the amoun t of p lu ton ium e s c a p i n g through 
a 10 c c / m i n e q u i p m e n t l eak would be 1 x 10"^ g / m i n o r 165 n C i / m i n . 
L e a k a g e into the g lovebox would be d i lu ted f i r s t wi th 600 cfm of box v e n t i ­
la t ion a i r , and th i s 600 cfm would be f u r t h e r d i lu ted to 4000 cfm wi th r o o m 
ven t i l a t i on a i r b e f o r e l eav ing the bu i ld ing . The p lu ton ium c o n c e n t r a t i o n in 
th i s 4000 cu ft of a i r would then be 1.5 x 10"'' j i C i / c c . The a i r i s a c tua l ly 
s c r u b b e d and f i l t e r e d ( t h rough h i g h - e f f i c i e n c y AEC f i l t e r s * * ) twice af ter 
l eav ing the l a r g e a lpha box and b e f o r e l eav ing the bu i ld ing . F i r s t , the 
600 cfm of box v e n t i l a t i o n a i r is s c r u b b e d and f i l t e r e d in e q u i p m e n t i n s t a l l e d 
in the s m a l l e r a lpha box; a f te r combin ing wi th the r o o m ven t i l a t i on a i r , the 

* For reference, the off-site air MPC for 239py ^ 5 ̂  10-12 nCi/ml. 
** Manufactured by Flanders Filter Corporation. Riverhead, N.Y.; Cambridge Filter Manufacturing 

Corporation, Syracuse. N.Y.; and American Air Filter Corporation. Louisville. Kentucl<y. 
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entire 4000 scfm is scrubbed in a second scrubber and filtered a second 
t ime. With a very conservative decontamination factor of 10 for these 
opera t ions ," the plutonium concentration in the exhaust air would be 
1.2 X 10''2 | iCi/cc, or approximately one-fourth the maximum permiss ib le 
concentration limit, 5 x 10"'^ [iCi/cc. 

Before each run, the entire system was leak-checked to satisfy the 
leak-rate requirements. In establishing a leak-test procedure, we related 
the 10-cc/min leak rate to the pressure drop that would occur in the vol­
umes of the four parts of the system (valved off into four convenient par t s 
to quickly detect a loss in pressure during leak testing and to help pinpoint 
the leak). System volumes were determined from gas-volume calibrations 
and by calculated values obtained from construction drawings. P r e s s u r e 
drop was read on 4 | - in . -dia , 0- to 30-psig gauges. A value for the maxi­
mum pressure drop per unit time was established. A leak test could be 
completed in a 1-hr period, and the smallest change specified ( l / 2 p s i /h r ) 
could be easily read on the gauges. 

Operating experience with the leak-testing procedure was good. 
Check sheets ensured that the operations were carr ied out in the proper 
order . 
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APPENDIX C 

Transfer of Hexafluoride from Cold Trap to Product Receiver 

In Runs Pu-10, - 1 1 , and -13, the 100 to 135 g of PuF^ collected in 
the pilot-plant cold t raps was to be t ransfer red to a small product receiver . 
To establish a t ransfer procedure for PuFj,, t ransfers were first made with 
UF(,. The first test. Run U-7, was aborted; Run U-8 was completed. A 
PuF^ transfer experiment (Run Pu-9) followed under similar conditions. 

A c a r r i e r - g a s transfer method was selected because experience 
had shown that a rapid transfer of relatively small amounts of material 
from the pilot-plant cold t raps to a small surface-area product container 
by p re s su re alone was impract ical . Large amounts (10,000 g) of UFt-PuFj 
mixture had been t ransfer red satisfactorily under its own vapor p ressure . 

The UF(, and PuFf, for these tests were prepared by fluorinating the 
respective tetrafluorides . Product purity was not determined, but crude 
vapor -pressure measurements indicated that no highly volatile species 
other than the hexafluorides were present . 

The equipment for the transfer experiments (shown schematically 
in Fig. C l ) consisted of a supply container of UFj, (or PuF6),a cold trap 
(4-in. diameter , 1-cu ft volume), and a receiving container (0.03-cu ft vol­

ume) for hexafluoride t ransferred 
from the cold t raps . All equipment 
was constructed of Monel or nickel. 

D 
SUPPLV 
VESSEL 

To VACUUM 

. 0, Pure l _ j I—I 

Fig.C.l. Schematic Diagram of Hexafluo­
ride Transfer Test Equipment 

In Run U - 8 , 160.2 g of UFj 
f rom the supply v e s s e l was t r a n s ­
f e r r e d into the cold t r a p in 28 m i n . 
The c o l d - t r a p t e m p e r a t u r e was 
-62°C. The supply v e s s e l , t r a n s f e r 
l i ne , and c o l d - t r a p skin t e m p e r a ­
t u r e s w e r e m a i n t a i n e d at 75 ± 5 C. 
Comple t ion of the t r a n s f e r was in­
d i ca t ed by a n e a r - z e r o a b s o l u t e -
p r e s s u r e r e a d i n g in the s y s t e m . 

T r a n s f e r f r o m the cold t r a p to the UFf, r e c e i v e r was s t a r t e d by 
p a s s i n g n i t r o g e n at 2.5 cfh t h r o u g h bo th l egs of the cold t r a p whi le the t r a p 
w a s s t i l l ch i l l ed . The UF^ r e c e i v e r was ch i l l ed , and then the cold t r a p was 
g r a d u a l l y h e a t e d . The r e c e i v e r w a s m a i n t a i n e d b e t w e e n -38 and -57 C 
t h roughou t the t r a n s f e r . After the c o l d - t r a p t e m p e r a t u r e r e a c h e d 75°C, 
p a r a l l e l flow t h r o u g h bo th l egs of the cold t r a p was m a i n t a i n e d for 6 h r . 
An add i t i ona l 3 h r , wi th n i t r o g e n flowing a l t e r n a t i v e l y t h r o u g h one leg then 
the o t h e r leg of the cold t r a p , w a s u s e d to e n s u r e c o m p l e t e t r a n s f e r . A 
to t a l of 15 v o l u m e t h r o u g h p u t s of n i t r o g e n w e r e p a s s e d t h r o u g h e a c h leg of 
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the cold trap with satisfactory resul ts . This is probably much in excess 
of the required quantity, since the bulk of the transfer occurred m the ear ly 
part of the run (based on the results of the plutonium transfer experiment) . 

Receiver and NaF trap weighings showed that 122.8 and 35.2 g of 
UFfc, respectively, were collected in the product receiver and the small 
backup NaF trap during the transfer. This total of 158.0 g of UF^ r e p r e ­
sented a recovery of 98.7% of the hexafluoride from the cold t rap . The 
average deviation in weighing the receiver (total approximate weight of 
4 kg) introduced a precision of +0.8% in the recovery figure. 

The PuFj, transfer experiment (Run Pu-9) was conducted using the 
same procedures and temperatures as in the UFf, transfer experiment. The 
net weight of the PuFf, and PUF4 (from decomposition) in the supply vessel 
was 100.9 g. Three hours were allowed for vacuum transfer of the PuFf, 
from the supply vessel into the large cold t rap . The slower t ransfer ra te 
than for the UF^ transfer was used to minimize entrainment of PUF4 par ­
ticulate material . After the transfer, less than 1 g of PuFf, remained in the 
supply vessel (calculated from vapor-pressure measurements ) . Only 89.4 g 
of hexafluoride was transferred, the remainder of the 100.9 g being PUF4 
formed by alpha decomposition of the PuFj while the PuF^ was in the supply 
vessel. Residual PUF4 in this container was not of concern for the purposes 
of this experiment. 

After the PuFf, transfer into the large cold trap, t ransfer from this 
trap into the small product receiver was begun. The nitrogen flowrate and 
the total transfer time were identical to those used in the UFf, t ransfer 
experiment. 

The PuFf, supply vessel, receiver , and small NaF trap were weighed 
with an analytical balance of 5-kg capacity located in an alpha box. The ex­
perimental results are as follows: 

Weight of PuFj t ransferred from the supply 
vessel into the large cold trap 89.4 g 

Weight of PuFf, t ransferred from the large cold 

trap into the small product receiver: 74.0 g 

Weight of PuFf, collected in the backup NaF trap: 13.4 g 

Actual recovery of PuFf, from the large cold trap: 97.8% 
Recovery of PuFf,, allowing for 8 hr of alpha 
decomposition (2%/day) in the large cold t rap: 98.4% 

Neutron readings were taken at various t imes during the t ransfer . 
Insufficient data were accumulated to justify graphic presentation. However, 
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the readings did show the movement of PuFf, into the cold t rap and then into 
the receiver and the NaF t rap . Transfer into the product receiver appeared 
to be complete in about 2 hr . Additionally, the readings indicated that plu­
tonium (probably PUF4 from PuFf, decomposition) remained in the cold trap 
after the PuFf, t ransfer from it was completed. Neutron count ra tes near 
the inlet line (where most of the PuF^ would be expected to condense) in­
creased from 42-events /min background before the transfer to 51 even t s / 
min after the t ransfer . The quantity of plutonium represented by this in­
crease was relatively small , since the neutron reading was 1280 events / 
min with 89.4 g of plutonium in the t rap . 
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APPENDIX D 

The Use of Neutron Probes in Fluidization Tests 

The success of neutron counting as a tool to determine the move­
ment of PUF4 and PuFj in the fluorinator equipment has led to several ex­
periments involving fluidizing PUF4 and alumina at room tempera tures . 
The tests were designed (1) to determine the distribution of PUF4 in the 
fluorinator during fluidization with nitrogen gas at room tempera tures , 
(2) to determine the rate and extent of the removal of PUF4 from the bed at 
several fluidization rates, (3) to determine whether PUF4 deposited on the 
fluorinator filters is dislodged during filter blowback, and (4) to determine 
the usefulness and sensitivity of portable neutron survey me te r s* as a 
means of determining the location and amount of PUF4 in the fluorinator 
bed, disengaging section, and filter sections. 

NEUTRON 
PROBE 

FILTER 
ZONE 

NEUTRON 
PROBE • 

DISENGAGING 
ZONE 

FLUIDIZATION 
ZONE 

1. F l u i d i z a t i o n T e s t s wi th PUF4 
and Alumina 

The c h a r g e to the f l u o r i n a ­
t o r c o n s i s t e d of 6760 g of 4 8 - 100 
m e s h a l u m i n a (Alcoa Type T a b - 6 l ) 
and about 139 g of -32 5 m e s h PUF4 
p o w d e r . The s t a t i c - b e d he ight of 
the AI2O3 in the f l u o r i n a t o r was 
about Z^it. M i c r o p h o t o g r a p h s of 
PUF4 show the individual p a r t i c l e s 
to be about 4 p. wi th PUF4 a g g l o m ­
e r a t e s ( p r e s e n t in l a r g e n u m b e r s ) 
v a r y i n g in s i z e f r o m 15 to 100 ^i. 
A s c r e e n a n a l y s i s of the PUF4 
showed that about 1 wt % r e m a i n e d 
on a 270 m e s h s c r e e n wi th 99% 
th rough the 325 m e s h s c r e e n . The 
m a t e r i a l caught on the 270 m e s h 
s c r e e n a p p e a r e d to be s c a l e . 

The bed was f lu id ized for 
a p p r o x i m a t e l y 4 hr m e a c h t e s t . 
N e u t r o n count ing da ta w e r e r e c o r d e d 
about e v e r y 15 m m f rom the p r o b e s 
pos i t i oned at the f l u o r i n a t o r . F o u r 
n e u t r o n m o n i t o r s w e r e u s e d - - t h r e e 
at the l o c a t i o n s shown in F i g . D . l , 

. a four th for s u r v e y i n g the c o l u m n 
dur ing or after each e x p e r i m e n t . The n e u t r o n m o n i t o r s e a c h c o n s i s t of a 
BF3 p robe , a paraff in m o d e r a t o r , and a c a d m i u m sh ie ld . In the final t e s t . 

Fig. D.l. Positions of Neutron 
Probeson Fluorinator 

'̂ TypePNC-l, Eberline Listru ment Corporation, Santa Fc, New Mexico. 



105 

the paraffin moderator was replaced with Lucite. Since the survey meters 
were used with a scaler , count ra tes were obtained. 

Pre l iminary interpretat ion of the resul ts of the tests show that when 
the bed was fluidized at 0.3 or 0.7 f t / sec , little PUF4 was elutriated from the 
bed to the f i l ters ; since little PUF4 reached the fil ters, variations in blow-
back procedure had little effect. 

The PUF4, charged initially to the top of the alumina bed, was not 
(distributed uniformly in the bed, even after 4 hr of fluidization, and was at 
or near the top of the bed when the bed was either fluidized or static. This 
interpretation of the neutron data is supported by plutonium analysis of bed 
samples taken in Runs Pu-12A, -12B, and -12C. The point of sampling was 
approximately 12 in. from the bottom of the bed. Samples taken after 4, 8, 
and 12 hr of fluidization contained 0.06, 0.1, and 0.7 wt % plutonium, respec­
tively. Based on the quantity of plutonium in the charge, the average value 
should have been ~2.0 wt % plutonium. These resul ts indicate uneven dis­
tribution of plutonium m the bed at the beginning of the ser ies of experi­
ments, although there was some mixing as fluidization continued over an 
extended period of time (about 12 hr) . At no time was there a uniform dis­
tribution of PUF4 in the alumina bed. An undetermined but significant 
amount of PUF4 was in the disengaging section during fluidization, as indi­
cated by the neutron counts taken with a probe located at several positions 
on the disengaging section. 

Figure D.2 is typical of the resul ts of the t es t s . A slight increase 
in neutron counts was noted at the filter section when fluidization began. 
There was very little variation in neutron.counts during the tes ts , despite 
various filter blowback t e s t s . At the s tar t of a test, the bed showed an 
immediate drop in neutron level; the count rate continued to drop slightly 
during the test . At the end of a test, when fluidization was stopped, the 
neutron level in the bed increased immediately. With vibration of the fluo­
rinator, the neutron level in the bed returned to about its original level. 

The neutron level of the disengaging section increased when fluidi­
zation began and increased slightly during the tes ts ; at the end of the tes ts , 
the count rate dropped to its original value. 

Additional tes ts were made with the neutron counters to determine 
the effect on count rate of (1) a 10-g source of PUF4, and (2) a source con­
sisting of 8 g of PUF4 distributed in about 800 g of NaF. No significant dif­
ference in count rate was noted for these two sources when they were placed 
in the reactor at the filter location. An increase of about 4000 events per 
minute was noted, which is consistent with the previous est imates of about 
40 events/(min)(g plutonium). 
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Fig. D.2. PUF4 Distribution in Unheated Reactor during Fluidization of 
-325 Mesh PUF4 and 48-100 Mesh Alumina with Nitrogen 

The p r o b e s w e r e a lso pos i t ioned at the d i s engag ing s e c t i o n whi le 
the PUF4 s a m p l e s w e r e held in the f i l te r s e c t i o n . No i n c r e a s e in count 
r a t e above background was o b s e r v e d . Any change in the count ing r a t e 
m e a s u r e d with the p r o b e s ind ica te s a change in p lu ton ium con ten t in the 
i m m e d i a t e a r e a of the p r o b e . P r o b e s 2 ft away f r o m a p l u t o n i u m s o u r c e 
a r e not affected. 

2. Mockup F lu id iza t ion T e s t s with Nickel F i n e s 

In suppor t of f luidizing t e s t s m a d e in the f l u o r i n a t o r u s ing PUF4 
euid 48- 100 m e s h a lumina , t h r e e t e s t s w e r e m a d e in a 2 - | - in . - ID b r a s s 
co lumn. In t he se t e s t s , 135 g of 500 m e s h n i cke l was f lu id ized in a b e d of 
a lumina (5935 g) to o b s e r v e the r a t e of mix ing of the n i cke l and a l u m i n a , 
i ts d i s t r ibu t ion throughout the bed, and we igh t s of n i c k e l and a l u m i n a e l u ­
t r i a t e d f rom the bed at s e v e r a l gas v e l o c i t i e s . In T e s t s A and C, the 
n ickel was dumped onto the top of the s t a t i c a l u m i n a bed; in T e s t B , a 
l aye r of n icke l was sandv/iched in the midd le of the a l u m i n a . 

F i g u r e D.3 is a s c h e m a t i c d rawing of the co lumn and f i l t e r and 
shows the method of co l l ec t ing the e l u t r i a t e d f ines so they m a y be co l ­
l ec ted and weighed, not a c c i d e n t a l l y r e t u r n e d to the bed . Tab le D. l s u m ­
m a r i z e s the r e s u l t s of the t h r e e t e s t s and shows tha t at a gas v e l o c i t y of 
0.3 f t / s e c (Test A), the n icke l did not d i s t r i b u t e even ly t h r o u g h the c o l u m n 
in a 30-min f lu id iza t ion p e r i o d . When the t e s t was f inished, about 40 wt % 
of the n ickel was in the bo t t om t h i r d of the co lumn and about 7 wt % of the 
n ickel r e m a i n e d on the s u r f a c e of the bed . 
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T A B L E D . l . Condi t ions and Resu l t s of Mockup Flu id iza t ion T e s t s with Nickel Finea 

Equipment : 2 | - - in . - ID b r a s s column with 3-ft alumina bed 
T e s t Duration; 30 rnin each 

Test 

A 

C 

B 

Type of AljOj* 

I 

1 

1 and 11 

Gas Veloc 
f t / s e c 

0 . 3 

0 . 7 

0 . 7 

.ty, 

Nickel 

Surface 

10.1 

1.2 

0 

F ines Dit 

Top 
Third 

. 22 .3 

46.0 

24.7 

tribution 

Middle 
Third 

23.9 

37.2 

55.1 

in Bed, g 

Bottom 
Third 

53.7 

17.4 

34.0 

Fines 
Filte 

AljO, 

3 . 3 

17.8 

45.5 

from 
••• g 

Nickel 

10.2 

40.9 

1 1 

*Type I. 48-100 m e s h AliO^, Type II. - 100 m e s h AljOj. 

When the gas velocity was increased to 0.7 ft /sec (Test C), the top 
one-third of the bed contained nearly one-third of the nickel, the bottom 
one-third of the bed contained 12.5% of the nickel, and very little of the 
nickel remained on the bed surface. The weight of fines collected on the 
filter in Test C was 58.7 g, of which 70 wt % was nickel. During Test A, 
13.5 g of fines was collected on the filter, of which 75 wt % was nickel. 

Test B used a bed consisting of 50 vol % Type I alumina (48- 100 
mesh) as the original bottom half of the bed, a layer containing 135 g of 
500 mesh nickel, and 50 vol % of Type U alumina (- 100 mesh) as the top 
half of the bed. Table D.2 shows the sieve analysis of these two types of 
alumina. Before fluidization, the bottom half of the bed (48- 100 mesh 
alumina contained less than 1.0 wt % -230 mesh alumina, but after 30 min 
of fluidization, the percent of -230 mesh was approximately uniform 
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throughout the bed (top, 31 wt %; middle, 25 wt %; bottom, 22 wt %), indi­
cating rapid mixing in the system. A total of 46.6 g of fines was collected 
on the filter, of which less than 3 wt % was nickel. No nickel was collected 
in the first 15 min of fluidization, and the center third of the bed had the 
highest concentration of nickel at the end of Test B. 

TABLE D.2. Sieve Analysis ot Alcoa Tabular T-61 Alumina 

U S S 

S i e v e 

•Hb 

•I-35 

•t45 

•F60 

•I-70 

-fSO 

-noo 

4 8 - 100 M e s h , 

w t % 

0 

0 

0 . 1 5 

7 . 2 7 

-
5 7 . 1 

-

- 100 M e s h , 

w t % 

-
-
-

0 

0 

0 . 1 

0 . 4 

U S S 

S i e v e 

+ 120 

•I-140 

- H 7 0 

-1-200 

-1-230 

-1-325 

- 3 2 5 

4 8 - 100 M e s h , 

w t % 

3 C . 0 

-
4 . 4 

-
0 . 5 5 

0 . 4 5 

0 . 2 0 

- 1 0 0 M e s h , 

w t % 

5 . 7 

7 . 2 

1 0 . 3 

8 . 8 

3 . 9 

3 9 . 6 

2 4 . 0 

On the basis of these tests , we recommended increasing the per­
centage of -325 mesh alumina in the bed of the fluorinator to dilute the 
PUF4 fines (-325 mesh) and to minimize the elutriation of PUF4 to the 
fil ters. 

3. Effect of Temperature on Neutron Probes 

In the last several PUF4 fluorination runs (Pu-10, -11 , -13, atnd -14) 
the neutron count rate at the three probe locations (bed, disengaging sec­
tion, and filter) was plotted against run time and showed an unexpected up­
ward trend near the end of the runs. Glovebox temperatures are usually 
higher in the last half of the run and reach 60°C in some areas of the 
glovebox. Since information'^ about the effect of temperature on BF3 
probes is meager, a simple test was made to check the effect of tempera­
ture on the counting rate of the probes now in use. Data showed that the 
count rate does increase with an increase in temperature . The tempera­
ture effect varied from probe to probe. 
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APPENDIX E 

Results of Sampling of the Fluidized Bed at Different Levels 

Samples of the fluidized bed were removed at a sampling port 10 in. 
above the bed support. To obtain data on bed homogeneity, a new sampling 
port was installed 17 in. higher than the lower port, or 27 in. above the bed 
support. Table E . l gives analytical data on samples taken at about the 
same time from the two sampling points. In each case, a flush sample was 
taken before a sample was taken for analysis. The data show wide differences in 
the plutonium and uranium contents of samples taken at the two sampling 
points, no recognizable trend being discernible. Reliability of calculated 
values for fluorine efficiencies and/or fluorination rate of plutonium and 
uranium based on analyses of samples removed from the fluidized bed ap­
pears questionable. 

TABLE E . l . Samples Removed from Two Sampling Points in Fluidized Bed 

S a m p l e 
P u - 16-

17 
16 

6 
2 1 
2 4 

2 

17 ( E n d ) 
18 ( E n d ) 

19 ( M e d ) 
19 ( E n d ) 
21 (0100) 
21 (0200) 

21 ( E n d ) 
22 ( E n d ) 
23 ( M i d ) 

23 ( E n d ) 

A n a l y s i s 
M e t h o d ^ 

C 

c 
F 
F 
F 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

^ F , f l u o r o m e t r i c ; C , 

U p p e r 
S a m p l i n g 

P o i n t 

% 
2 2 . 8 
2 1 . 3 

2 .62 
0 4 1 4 
0 . 2 1 4 
0 . 0 2 5 

% 
0 . 1 2 9 
0 . 0 2 0 
0 . 0 4 0 
0 . 0 1 2 
0 . 1 9 7 
0 . 0 1 1 
0 . 0 0 4 
0 . 0 1 3 
0 . 0 3 5 
0 . 0 1 1 

L o w e r 

S a m p l i n g 
P o i n t 

U in S a m p l e 

2 5 . 5 
2 5 . 1 

2 .30 
0 . 3 6 0 

0 . 1 6 6 
0 . 0 3 1 

P u in S a m p l e 

0 . 0 1 8 
0 . 0 1 5 
0 . 0 0 8 
0 . 0 0 7 
0 . 0 1 6 
0 . 0 4 1 
0 . 0 0 8 
0 . 0 1 2 
0 . 0 1 2 

0 . 0 1 2 

c o l o r i m e t r i c ; X . X - r a y 

A 

- 2 . 7 
- 3 . 8 
+ 0 .32 
+ 0 .054 
+ 0 . 0 4 8 
- 0 . 0 0 6 

+ 0 . 1 1 1 

+ 0 . 0 0 5 
+ 0 . 0 3 2 
+ 0 . 0 0 5 
+ 0 . 1 8 

- 0 . 0 3 0 
- 0 . 0 0 4 
-O.OOI 

+ 0 . 0 2 3 
+ 0 . 0 0 1 

A X 100 
L o w e r S a m p l i n g P o i n t Val 

% 

- 1 0 , 5 
- 1 5 . 1 

+ 13.9 
+ 15.0 

+ 2 8 . 9 
- 19.4 

+616 

+ 33 
+400 

+ 72 
+ 1130 

- 7 3 
- 5 0 

- 8 

+ 192 
+ 9 

lue 
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APPENDIX F 

Sampl ing the Hexaf luor ide F e e d * 

A p r o c e d u r e for s a m p l i n g the 10-kg b a t c h e s of U F ^ - P u F e w a s t e s t e d . 
The m a t e r i a l was con ta ined in 4 - i n . - d i a , 3 0 - i n . - t a l l n i cke l v e s s e l s , w h i c h 
w e r e u s e d as p roduc t r e c e i v e r s in f luo r ina t ion e x p e r i m e n t s . E a c h v e s s e l 
was f i t ted only wi th ( t w o ) u p - l e g s , s i nce v a p o r - p h a s e t r a n s f e r s w e r e m a d e . 
Liquid s a m p l e s could be t aken by inve r t ing the v e s s e l or by t i l t ing it m a 
downward pos i t i on . Vapor s a m p l e s w e r e t aken wi th the v e s s e l in an u p ­
r igh t pos i t i on . 

F o r l iquid s ampl ing , the p r o c e d u r e c o n s i s t e d of l iquifying the 
m a t e r i a l u n d e r its own vapor p r e s s u r e whi le the v e s s e l w a s m o u n t e d in a 
r o c k e r a s s e m b l y in a hea ted , t h e r m o s t a t i c a l l y c o n t r o l l e d box (shown in 
F i g . 31). After a given p e r i o d , rock ing was s topped wi th the v e s s e l t i l t e d 
downward . Liquid hexaf luor ide was a l lowed to flow into an a t t a c h e d m a n i ­
fold (valves and 3 / 8 - i n . - O D n icke l tubing) , f i l l ing the s p a c e b e t w e e n two 
v a l v e s , thus fixing the s ize of the l iquid s a m p l e (about 2 - 3 m l ) . 

An evacua ted s t a i n l e s s s t ee l s p h e r e was a t t a c h e d to the man i fo ld 
to r e c e i v e the s a m p l e . T r a n s f e r of the s a m p l e to the s p h e r e w a s p r o m o t e d 
by loca l ly chi l l ing the s p h e r e wi th a d r y i c e - t r i c h l o r o e t h y l e n e b a t h . H e x a ­
f luor ide m a t e r i a l r e m a i n i n g in any l ine s e c t i o n was e v a c u a t e d as v a p o r 
t h rough a N a F t r a p (waste) s y s t e m . The s p h e r e was then r e m o v e d f r o m 
the manifold , and the s a m p l e was h y d r o l y z e d and s u b m i t t e d for a n a l y s i s . 
Sphe re s w e r e r e l a t i v e l y l a r g e (3- in . d i a m e t e r ) to a c c o m m o d a t e the h y d r o l y ­
s i s solut ion and thus avoid an add i t iona l t r a n s f e r of the s a m p l e . L iqu id 
s a m p l e s r a n g e d f rom 4 to 20.5 g. V a r i a t i o n in quan t i ty i n d i c a t e d tha t i m ­
p r o v e d t echn iques w e r e n e e d e d . 

An inhe ren t p r o b l e m in taking l iquid s a m p l e s f r o m s u c h m i x t u r e s 
is that s o m e p a r t i c u l a t e PUF4 is a lways p r e s e n t f r o m a lpha d e c o m p o s i t i o n ; 
thus r e p r e s e n t a t i v e s a m p l i n g of the l iquid r e m a i n s dif f icul t . 

Vapor s a m p l e s i ze was c o n t r o l l e d by the bulb s i z e and the t e m p e r a ­
t u r e of the hexa f luo r ide . Vapor s a m p l e s r a n g e d f r o m 2.6 to 18 8 g. In 
addit ion, gas s a m p l e s w e r e t a k e n f r o m the flowing U F j o f f -gas s t r e a m , 
m e r e l y by us ing a hea ted , e v a c u a t e d bulb at a t ee c o n n e c t i o n . 

No p a r t i c u l a r p r o b l e m s w e r e e n c o u n t e r e d d u r i n g v a p o r s a m p l i n g ; 
however , r e s u l t s ind ica ted that p r e t r e a t m e n t of m a n i f o l d s , p e r h a p s even 
wi th P u F j , was n e c e s s a r y to ob ta in r e p r e s e n t a t i v e s a m p l e s . 

Since alpha decomposition of the PuFg continually produces fluorine, sampling is earned out as quickly 
as possible after the vessel to be sampled has been chilled in a dry ice batli and pumped down to remove 
noncondensables. 
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APPENDIX G 

Procedure for Hydrolyzing Hexafluoride Samples 

(Typical Check Sheet) 

This procedure assumes that the hexafluoride samples were taken 
in stainless steel bulbs and that the samples are below atmospheric p re s ­
sure at room tempera ture , as would be the case for UF(,-PuF(, samples 
with little or no noncondensable gas present . 

(1) Set up the Kel-F burette for adding the hydrolysis solution to 
the sample bulbs. Close the bottom valve (a ball valve) on the 
burette, and fill the burette with 6N HNO3-O. 1 M AUNOj)^ solution. 

(2) Check that the valve on the sample bulb is closed. Then care ­
fully remove the sample cap, and connect the sample bulb to 
the hydrolysis buret te . 

(3) Open the ball valve at the bottom of the burette, and allow the 
hydrolysis solution to displace the air trapped between the 
burette valve and the valve on the sample bulb. 

(4) Record the level of the hydrolysis solution on a data sheet. 
Then slowly open the valve on the sample bulb to allow the solu­
tion to run into the bulb. If this is done properly, there should 
be no bubbles going back into the buret te . Add 75 ml of solution 
if using the 200-ml bulbs, and 100 ml of solution if using the 
1000-ml bulbs. Do not fill the bulbs over half full at any t ime. 
The calibration for the existing burette is 5.25 ml per inch. 

(5) Close the valve on the sample bulb and also the one on the 
buret te . Remove the sample bulb. 

(6) Place the sample bulb in the shaker, and shake for about 30 min 
with no heat applied. 

(7) Hold the bulb in an upright position, and open the valve to vent 
off any p r e s s u r e . Drain the solution into a 250-ml plastic 
bottle that has been weighed and labeled. Using a squirt bottle, 
r inse any mater ia l from the neck of the sample bulb into the 
bottle. 

(8) Add 50 ml of fresh hydrolysis solution to the sample bulb. Place 
the bulb in the shaker, and heat it to 70-80°C while shaking. To 
avoid high p r e s su re s in the bulb, maintain temperature below 
100°C at all t imes . Shake the bulb for 30 min at temperature . 

(9) Allow the solution to cool to near room temperature . Vent any 
p re s su re ; then drain the solution into the plastic bottle used 
for the original hydrolysis solution. 
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.(10) Repeat steps 8 and 9, combining the solutions each t ime. 

.(11) Weigh the solution, and record the net weight of the solution 
used. The sample is ready to be submitted for analysis . Re­
quest a volume measurement of the hydrolysis solution m 
addition to other analyses desired. 

Rinse of Sample Bulb 

_(1) Add 75 ml of hydrolysis solution to the sample bulb. P lace 
the bulb in the shaker, and heat to 70-80°C while shaking. 
Because of pressure considerations, do not overheat. Shake 
the sample at temperature for 45 min. 

(2) Allow the solution to cool to near room tempera ture . Then 
drain the solution into a clean 250-ml plastic bottle that has 
been weighed and labeled. 

. (3) Add 50 ml of distilled water to the bulb, and shake at room 
temperature for 15 min. Add this to the previous r inse 
solution. 

. (4) Repeat step 3. 

(5) Weigh the sample bottle, and record the net weight of the 
hydrolysis solution. The solution is ready to be submitted 
for analysis . 

(6) Dry and evacuate the bulbs for 2 hr at 100°C before reusing. 
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APPENDIX H 

Statistical Test of Sampling and Analytical Errors 

A statistical test of saimpling and analytical errors for NaF and 
AI2O3 samples has been completed. The need for such a test was apparent 
when poor uranium and plutonium material balances were obtained in 
Runs Pu-14 and -15. Table H.l shows material-balance data for these and 
other runs completed in our pilot plant to date. Data for material balances 
are obtained mainly from analyses of NaF samples. Two batches of NaF 
were selected for this test--one containing about 1.9 wt % plutonium and 
1.12 wt % uranium, the other 0.06 wt % plutonium and 0.047 wt % uranium. 

TABLE H I . Summary of Material-balance Data for 
Experiments Completed in Pilot Plant 

Run Pu-1 Run Run Pu-6 Run Run 
through 3 Pu-6 through 13 Pu-14 Pu-15 

Weight of Material 
Processed; g 

Plutonium 123.8 100.4 370.7 19.2 21.4 
Uranium - - - 21.4 10.6 

Percentage of Material 
Accounted for 

Plutonium 88 99 96 119 115 
Uranium - -* - 113 136 

Of interest also is the plutonium content of the dumped bed from the 
fluorinator, since the percent plutoniunn removal is based on this analysis. 
To establish that large sampling or analytical errors are not present, one 
batch of 6000 g of alumina bed containing about 0.013 wt % plutonium and 
0.0038 wt % uranium was used in this statistical test. 

1. Methods of Sampling 

The NaF, generally about 600-1000 g of l/8-m. by l/8-in. right-
cylinder pellets, was ground twice in a disk mill. The powder was riffled 
to obtain 10-g samples using a 2- by 2^-in. riffler. This sample was ground 
to a rouge-like powder using a motorized mortar-pestle, and this was then 
submitted for analysis. The mill, riffler, and mortar were cleaned with 
fresh alumina between each use. 

The alumina bed material, about 6000 g of 48-100 mesh size range, 
was riffled to give a 100-g sample using a 4- by 10-in. riffler. This 
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sample was t ransferred to another alpha box, where it was reriffled to 
give a lO-g sample, which was ground in the motorized mor ta r -pes t l e and 
submitted for analysis. 

Nine samples were riffled from each batch of mater ia l (two NaF 
batches and one Al^O, batch). Five of these were processed through the 
mortar-pest le grinding step; the other four samples were held m r e s e r v e . 
Each of the five samples was analyzed three t imes for plutonium and 
uranium. 

2. Chemical Analysis of Samples 

The NaF samples were dissolved in aqua regia in plastic equip­
ment. The solution was boiled down and taken up with nitric acid. An 
aliquot was taken, an oxidizing agent added, and the plutonium extracted 
from the solution. The plutonium solution was counted using a liquid scin­
tillometer. Another aliquot was taken of the nitrate solution to analyze the 
uranium fluorometrically (three of the samples were analyzed 
colorimetrically). 

The alumina samples were fused with borate-carbonate, and the 
fusion dissolved in nitric acid from which aliquots were taken for uranium 
and plutonium analyses. 

3. Results 

The plutonium and uranium analyses for the as- received mater ia l 
are presented in Tables H.2 and H.3, respectively. Apparent factor-of-10 
e r ro r s were noted in four analyses. After a requested recheck of the 

T A B L E H.2 . A n a l y s i s of P l u t o n i u m in S t a t i s t i c a l - t e s t S a m p l e s 

M a t e r i a l : 

S a m p l e No . : 

Sp l i t No . 

1 
2 
3 
4 
5 

1 

324 
327 
318 
311 
342 

N a F 

i 

325 
325 
320 
310 
347 

3 

328 
326 
317 
313 
344 

P l u t o n i u m 

1 

10.3 
10.0 

9 .64 
9.89 

10.2 

C o u n t s , 

N . iF 

2 

9 .88 
98.0t> 

9 .51 
9 .46 
9.84 

10 ' d i s / m i n . 

3 

10.2 
10.0 
0 .155= 
9 .72 
0 .980d 

• g ^ 

1 

2 .20 
2 .18 

2 .19 
2 .24 
2 .16 

A l . O , 

2 

2 .26 
2 .22 
2 .18 
2 .26 
2. .Z i 

3 

2.20 
2.20 
2.18 
2.13 
2.20 

^To convert to percent plutonium, multiply by 5.88 x 10 ' . 
°No e r ro r found when analytical data were rechecked. Used 9.8 instead of 98 in the 

statistical analysis. , 

"̂ No e r ro r found when analytical data were rechecked. Used 9.58 = -^ 
2 dNo e r ro r found when analytical data were rechecked. Used 9.8 instead of 0.98 in 

the statistical analysis . 
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T A B L E H . 3 . A n a l y s i s of U r a n i u m in S t a t i s t i c a l - t e s t S a m p l e s 

M a t e r i a l : 

S a m p l e No. 1 = 

Spli t No . 

1 
2 
3 
4 
5 

^Not a n a l y z e d . 

N a F 

' 2 

1.23' ' 
1.10 
1.09'> 
1.19*' 
1.00 

3 

1.07 
1.08 
1.10 
1.12 
1.22 

U r a n i u m C o n c e n t r a t i o n 

1 

0 .0223 
0.0461 
0 .0475 
0.0491 
0,04 54 

N a F 

2 

0.0454 
0.0439 
0.0441 
0.042 
0.0449 

3 

0.056 
0.062 
0 . 5 6 l d 
0.056 
0 052 

. wt % 

1 

0.0051 
0.00391 
0.00276 
0.00260 
0.00283 

Al ,Oj 

2 

0.0269<= 
0.00304 
0.00204 
0.0052 
0 0058 

3 

0 .0035 
0.0041 
0.00374 
0.0042 
0.0048 

^ C o l o r i m e t r i c a n a l y s i s , o t h e r s f l u o r o m e t r i c . 
eNo e r r o r found when a n a l y t i c a l da t a w e r e r e c h e c k e d . Used 0.00269 in s t ead of 0 .0269 
d A n a l y t i c a l da t a r e c h e c k p r o v i d e d a new v a l u e , 0 . 0 5 6 1 . 

analytical calculations, one e r r o r was found. For the variance calculations, 
it was assumed that in the analysis of the other three samples, a factor-of­
ten e r r o r had indeed occurred, and the data were adjusted accordingly. In 
one other analysis , there appears to be a factor-of-about-60 e r r o r . A r e ­
check of the calculations did not uncover an e r r o r . Consequently, for the 
variance calculations, an average of the other two samples of that split was 
used. Standard deviations for the six cases (three for plutonium, three for 
uranium) are shown in Table H.4. 

T A B L E H.4. S t a n d a r d - d e v i a t i o n Data f rom S t a t i s t i c a l T e s t 

G r a n d Mean 
of Data 

P u , % U, % 

S t a n d a r d Dev ia t ions 

Expec t ed f rom 
O u r Analy t ica l 

A n a l y s i s Sanffiling A n a l y s i s p lus L a b o r a t o r y . 
On ly . % Only , % Sampl ing , % Ana lys i s Only . % 

N a F (Ba tch 1) 1.91 

N a F (Ba tch 2) 0 .058 

A 1 , 0 , 

0 .5 

7 ,9 

1.8 
20 .5 

1.8 
29.7 

3.8 

2.0 

3.8 

2.7 

4. Stat is t ical- test Conclusions 

The following can be concluded from the data for the two batches 
of NaF: 

1. The standard deviations (0.55 and 1.84%) of the plutonium anal­
yses compare favorably with the standard deviation (2%) we expect from 
laboratory analyses. 

2. The standard deviations of the uranium analyses (7.9 and 20.5%) 
are ~5% higher than expected. 
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3. A sampling e r ro r is indicated at the 95̂ o confidence interval 
for plutonium-analysis data for both batches of NaF. The uranium data 
neither confirm nor deny an e r ror at the 95% confidence interval. 

4, For the NaF batch containing 1.9 wt % plutonium, the combined 
e r ro r for sampling and analysis is 3.8%; for the NaF batch containing 
0.058 wt % plutonium, it is 2.7%. Because the sample with the higher plu­
tonium concentration is typical of those important in mater ia l -balance 
calculations, the combined e r ro r in sampling and analysis should be adopted, 
indicating that a recovery of plutonium in the 96- 104% range should be con­
sidered satisfactory. 

The following can be concluded from the data for the one batch of 
A l ^ O j : 

1. The standard deviation (1.77%) of the plutonium analysis com­
pares favorably with the expected 2% standard deviation. 

2. The standard deviation (30%) of the uranium analysis is higher 
than expected 

3 At the 95% confidence level, no sampling e r r o r can be detected 
using either the uranium or plutonium resul t s . 

5 Recommendations 

The following are recommendations for future sampling techniques: 

1. For the alumina dumped-bed samples, continue using the same 
riffling procedures. 

2, For the NaF samples, use either of the following procedures: 

a Since the standard deviation of the plutonium analyses is 
small and since the samples are grab samples from larger samples , final 
grinding of the larger sample in the mortar and pestle apparently homoge­
nized the sample well Although probably not practicable, grinding of the 
entire 500- 1000-g batch to a rouge-like consistency, and taking a grab sam­
ple from this should lower the sampling e r r o r . 

b. Prepare two samples from each batch. This would have two 
advantages: It would decrease the variance by a factor of 14 , and it would 
probably eliminate the factor-of-lO (or more) e r r o r s found in 57o of the sam­
ples submitted, since the e r ro r woulcf become apparent by comparing the 
two sample results The duplicate samples would double the workload, but 
if enough confidence could be placed in the neutron-count-rate d a t a , " only 
a few samples would have to be analyzed to obtain data for mate r ia l -
balance calculations. 
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